
Australia 50c 
lew Zealand :58fc; 
iouth Africa 45c 
thodesia 45c. 
Nigeria K.40 
Sweden Kr. 3.50 
Malaysia $t.80 : 
Malta 22c5 

^OTW^y Kr. 5.10 









Write the Specification 
of your perfect iron 

and compare it with an Ante>o 

frit #' 0 
/ns 
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CONSTRUCTIONAL PROJECTS 

RHYTHM GENERATOR by Brice Ward 

A programmable source for 64,000 rhythmic patterns 228 

♦FLUORESCENT LAMP INVERTER by C. J. Mills 

Emergency lighting from a 12V supply. Blueprint design for 8,13 and 20W units 237 

ELECTRONIC SNAP by C. J. Allen 

End those arguments about who answered first with this novelty circuit 246 

♦P.E. SCORPIO Mk 2 IGNITION SYSTEM by D. S. Gibbs & I. M. Shaw 

Electronic ignition system. Blueprint design for 6 or 12V cars 248 

A.C. DETECTOR PROBE by B. Bowles 

A simple circuit for detecting the presence of oscillations 253 

CRYSTAL CALIBRATION OSCILLATOR by R. A. Penfold 

A highly stable fixed frequency oscillator for calibration purposes 258 

BOOLEAN ALGEBRA—1 by B. J. Wood 

An introduction to switching theory 264 


GENERAL FEATURES 

CONSTANT CURRENT GENERATORS—1 by C. R. Masson 

First of a two part series on the design and use of these versatile circuits 242 

INGENUITY UNLIMITED 

Optical Communications System—Boiler Gas Valve Operation- 

Slow Timebase Oscillator—Tape Guide 260 


NEWS AND COMMENT 

EDITORIAL—Inspiring Times 
SPACEWATCH by Frank W. Hyde 
Skylab Mission—Pioneer 10 and Jupiter 
ON THE FRINGE by Gerry Brown 
The more unusual aspects of electronics 
BOOK REVIEWS 
Selected new books we have received 
ESP etc. by B. H. Baity 
Unexplained happenings and phenomena 
INDUSTRY NOTEBOOK by Nexus 
What’s happening inside industry 
PATENTS REVIEW 

Thought provoking ideas on file at the British Patents Office 


"SPECIAL FREE BLUEPRINT 

FLUORESCENT LAMP INVERTER—P.E. SCORPIO Mk 2 IGNITION SYSTEM 
Our April issue will be published on Friday, March 8,1974 


227 

241 

252 

269 

270 
273 
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Practical Electronics March 1974 


201 












































































































I i [s-l i I 


UK'S LARGEST RANGE OF TRANSISTORS, IC'S 
RECTIFIERS, ALL SEMICONDUCTOR DEVICES 

BEST PRICES RETAIL TRADE EXPORT & INDUSTRIAL 
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Jhe Pictorial Method 


M Jt ELECTRICITY(5vols) . 

K £\ W ELECTRONICS(6vols) 

DM4JIV TELEVISION (3vols) 

You'll find it easy to learn with this outstandingly 
successful PICTORIAL METHOD. The essential facts 
are explained in the simplest language, one at a time, 
and each is illustrated by an accurate cartoon-type 
drawing. These clear and concise illustrations make 
study a real pleasure. The books are based on the latest 
research into simplified learning techniques. This easy- 
approach-to-learning method has proved beyond doubt 
that acquiring knowledge can be an enjoyable ex- 




career manuals ^ “ TTwXyZ 

S^ra^ ,ha ' 1 Sh0Uld h C V B e ..'SMSSS 

a sound nararwas 


U7k’«T YE B S R2 7HP 


To The S 


Please find enclosed P.O./Cheque value £.. 

BASIC ELECTRICITY 5 parts £5-30 □ 

BASIC ELECTRONICS 6 parts £6 40 □ 
BASIC TELEVISION 3 parts £3-60 □ 

SSSsSSSr you d 

SSSF™.... 

FULL POSTAL......... 


































IP I.L.P. 


(Electronics) Ltd 



SECOND GENERATION 25 WATT HYBRID 


jAjStfik 

iu* 


OUTPUT POWER: 

LOAD IMPEDANCE: 

INPUT SENSITIVITY: 

INPUT IMPEDANCE: 

TOTAL HARMONIC DISTORTION: 
SIGNAL/NOISE RATIO: 
FREQUENCY RESPONSE: 


IOHz-50kHz ± IdB. 


NEW HY5 PREAMPLIFIER 


»mmon power supply (PSU50) are linke< 



ACTIVE TONE CONTROLS 
OVERLOAD CAPABILITY 
OUTPUT NOISE LEVEL ^ ^ 
DISTORTION 0 05% at IkHz. 
SUPPLY VOLTAGE ± I6-25V. 
SUPPLY CURRENT 15mA. 



POWER SUPPLY PSU50 


OUTPUT VOLTAGE ± 25V. 
INPUT VOLTAGE 210-240V. 


CROSSLAND HOUSE • NACKINGTON-CANTERBURY-KENT 
CANTERBURY 63218 
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MANUFACTURERS OF ELECTRONIC AND 
AMPLIFICATION EQUIPMENT 
SPECIALISTS IN QUALITY TRANSISTOR 
EQUIPMENT 

OPEN 6 DAYS A WEEK. 9 00 a.m.-O OO 



TRANSISTOR UNIVERSAL 
AMPLIFICATION COMPANY LTD. 
DEPT. E 

163 MITCHAM ROAD, LONDON SW17 9PG 
01-672 3137/9080 



NEW TUAC POWER MODULES 

★ 125 watts RMS continuous sine wave output 

★ 4 RCA 150 watt 15 amp output transistors 

★ Special layer wound driver transformer 

★ Short, open, and thermal overload protection 

★ Compact size: 7 x 6J x 3 in. 

★ 100 watts RMS sine wave 

★ 2 RCA 15 amp output transistors 

★ Rugged transformer driver 

★ Full thermal overload protection 

★ Compact size: 5 x 5 x 3 in. 

★ 60 watts RMS sine wave 

★ RCA 115 watt output transistors 

★ Only six connections to make 

★ Same size as TL100 

★ 30 watts RMS sine wave 

★ Rugged transformer driver 

★ 2 RCA output transistors 

★ Full thermal overload protection 


Transformers with supply board 
orating stabilised pre-amp supply: 

PS 125 ±50 volts tor one TP125 
PS 100 ±45 volts for one TL100 
PS 60 ±40 volts for one TL60 
PS 30 ±30 volts for one TL30 
PSU 2 for supplying disco mixer 


Specification on all three power modules: 

All output power rating ±1dB. Output impedance 8-15 ohms. THD at full power 
1% typically 0-5%. Input sensitivity 60mV into 10kfl. Frequency response 10Hz-25kHz 
±2dB. Hum and noise better than -75dB. 


ALL PRICES INCLUDE V.A.T. AND POSTAGE AND PACKING 

ACCESS a BARCLAY CARDS ACCEPTED, JUST SEND US YOUR NUMBER. 

H.P. ARRANGED THROUGH PAYBONDS. 


Digital Cinch hits 





KIT IVI Smaller digits than 
' at in kit 0. All components 
id steel case covered in blue 
id white plastic (as mat 
illustration). 


(WTO All components, 
including P.C.B. designed for 
easy home assembly — Bright 
and clear digits. Tough A.B.S. 
plastic case with contrasting 
front panel. 

PRICE - £234)0 plus£230 V.AT.. 

\Jotal £25-30 inc. post and package/ 

Only our advanced designed techniques make these low prices possible. 
Both kits are tested before they leave us and are covered by the P.E.A. 
money back guarantee. 

m □ i 

Kito 


P.E.A. Ltd. I ADt 

35 High Street I 

WELWYN , - 

Herts. AL6 9EE ^ . 
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NOW AVAILABLE IN THE U.K! 

CHINAGLIA 



BLOOMSBURY CENTRE HOTEL 

Coram Street, Russell Square 
London W.C.1 

12-14 MARCH 1974 

Tues/Wed 10.00-18.00 hrs. 
Thurs 10.00-17.00 hrs. 

THE ONLY EXHIBITION IN 
EUROPE EXCLUSIVELY 
FEATURING 

PUBLIC ADDRESS 

ALLIED 

EQUIPMENT 

There will also be Lectures and 
Demonstrations 

Tickets and information from 
the organisers 

THE ASSOCIATION OF 

PUBLIC ADDRESS ENGINEERS 
6 Conduit Street, London 
WIR 9TG ENGLAND 
TEL. 01-493 5256 




CHINAGLIA (U.K.) LTD. 

19 MULBERRY WALK, LONDON, S.W.3 Tel. 01-352 1897 


CURRENT O^ftyiA, £mA, 50mA, ! 

- A c N a G p E acitance-ra'ng'es ieb/lF, 


EEMI 

ELECTRONIC 

ORGAN 

KITS 


There are four 
excellent quality 
models for the 
do-it-yourself 

enthusiasts _ _ 

♦Portable—4 octave keyboard with 10 voices, 3 pitches— vibrato, 
£145*29. ♦Console—5 octave keyboard with 10 voices, 3 pitches. 

built-iramplifie^and “pMkVlisOPH. 4'octave 

keyboards and 13 note pedal board, 29 voices. Vibrato. Delay 
Vibrato, Sustain, Reverberation, Percussion, Wah Wah, £404-00. 
^Console—2 x 5 octave keyboards and 32 note pedal board, 32 
voices. Vibrato, Delay Vibrato, Sustain, Reverberation, Percussion, 
3 Couplers, etc., at £572-55. 

V.A.T. please add 10%—show separately on order. 

All components can^be bought^separately.^Send 50p for 24-page 

A'sVavaNaYle-WmELE$ P S WORLD SOUND SYNTHESISER KITS 

ELVINS 

ELECTRONIC MUSICAL INSTRUMENTS 

Components suppliers to the music industry 

12 Brett Road, Hackney, London, E.B 
Tel. 01-986 8455 

8 Putney Bridge Road, London, SWI8 I HU 
Tel. 01-870 4949 


208 


Practical Electronics Ma 


1974 

























Trannies 

All orders sent to our new 
retail shop at: 

4 Bush House, Bush Fair, 

HARLOW, ESSEX. - 

Tel. 37739. P/P lOp. Catalogue lOp. 
74 Series TTL 

(National Semiconductors and I.T.T.) 

LOW PRICES, HIGH QUALITY 


g 

21P 

54p 

54p 

1 


ALL PRICES 
FULLY 
INCLUSIVE 
OF VAT 




£1-64 £1 S 54 

tl ‘?S Eli! 


SIM £1-81 


Linear Integrated Circuits 

i fi 8 ND .L i?l iss.™ 


Electrolytic 

Capacitors 

iooJf 



VOLUME CONTROLS 


!! n !! e D “*' 


CARBON SKELETON 
PRESETS 

THYRISTORS 


1 Amp 28p 86p 

41p 

3 A mps 44p 50p 

400 

3 Amp. ^ 

60p 

SLIDE SWITCH 


8PST lip each. D.P.D.T 

. 13p each. 

MINIATURE NEON 


24ffVor*i°V 1-4 Ep. 

5 plus 4)p 


Milliard Polyester Capacitors 

fsOVP.Amounting: OOl/xF, 0 015, 0 022 8)p. 0 033,0 047.0 068Ip. 01 4Jp. 015, 
0-22 5)p. 0-38 7p. 0 47 8)p. 0-68 12p. 1/iF 14p. l-SfiF 22p. 2-2^F 27p. 

4MV:*0 muJP.* 0016, 0 0022, 0 0033, 0 0047 3p. 0 0008, 0 01, 0 016, 0 022, 0 033 S)p. 
0 047, 0 068,0 1 4)p. 015 8)p. 0-22 8)p. 0-33 18p. 0-47 14)p. 

160V; O-OljuF, 0 015, 0 022, 0033, 0047, 0 068 8)p. 01 4p. 015 4p. 0 1 4)p. 
015, 0-22 5)(. 0-33 7p. 0-47 9)p. 0-68 12p. lflF 14)p. 1 5,lF 22p. 2-2(lF 24p. 


AMTRON KITS 

. stockist of Amti 


UK110 Stereo amplifier 5 + 5W 


UK790 Capacitive burglar alarm .. 7*5: 

Many other kits available. Send tor the 

These kit prices include VAT 


OUR NEW 
RETAIL 

SHOP IS NOW 
OPEN 

Mon. to Sat. 7—5.30 
Fri. late opening 6 p.m. 


VEROBOARD 


Resistors 

) w.tt 5% carbon 


400mW ZENER DIODES 


AC176 1( 

m iff k m 


BC184L I] 
BC186 81 
BC212L I! 


£1 Bargain Packs 



Transformers 

try 200-220-240V. 


MT126AT 1 

Miniature 


BT24024 100mA 24-0-24V 1- 


NKT21^p 
NKF40871] 

NKY603F 

66p 

NKT613G^ 

NKT677C ,t 

24P 

' 


SVS 
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NEW VAT INCLUSIVE PRICES 


1st. GRADE DEVICES AT NEW 


**!DC£ K£CT!H£*S 

...o_ 

100 V 20p 50 V 35 

200V 22p 100 V 4C 

600V 25p 206V 45 

1000V 36p 400V 50 

Mermens 


6Jp 1N5400 151p 


lip IN5406 26*p 
N4006 134P 1N5407 30p 

164p 1N5408 33p 

) BY133 23p 

) BY164 55p 

l BY176 El-65 

) BY182 £1-65 

l BY250 25ip 


Mice a AMUR SLASHED 

I (n LITRONIX 
H-U DL707 
READOUTS SERIES 

0-3in high 

characters ALSO 

14pm Oil +1 

Df REF 
6.1 LED I LED1A 

£/ 99 ' 20p VAT 1 £2 19 


OR 


MINITR0N aUlOF b G 

I6pin Oil § 

- BREAKTHROUGH 
PRICE £199 


Cheapest Opto yet 
GoAsfi LED’s 

*\ si: 

^ LED5.0-17S* 75p 



m ii 

«.!? S 


l.c. SOCKETS I 


Dip Breadboard 

SlSsSSS" 


DIGITAL CLOCK 

on 
a 

chip 




[EfflEfflEOfflSDrao® electronics 


Carbon Compositioi 


DISCOUNTS: 10% on 


TRAHSISTORS and DIODES 

™ »e aims* n’t? 


30 aerlea 


CAPACITORS 

-RD C333, 629 and 

—Ceramic Plate. E12 se 
1 8pF to 0 002uF. 54p. 

CERAMIC DISC—LOW VOLTAGE- 
001|iF, 0 022pF. 0 047UF. 51p; 

0-lpF. 0 22pF, 64p. 

POLYSTYRENE <160V)-From lOpF 
to 0 01pF in multiples of lOpF; 15pF; 
22pF; 33pF; 47pF and 68pF, 4Jp. 
MYLAR PLATE (100V)— 1000 PF, 
2000pF, 5000" c •— " 

0 04pF,0 05 
5p;0-2uF, O 
MULLARD C200 (250V POLYESTER) 
—OOlpF, 0015(JF, 0 022pF, 

0 033uF, 0 047pF. 3)p; 0 068(1F. 


F. 3Jp; 0 
mF, *ip; 0 _ 
I-47MF, 9p; 0-6 
4p; 1 -5pF. 




neui 


stabilised 


POWER PACK/CONVERTER 

Switched 3, 6, 7f or 9 volts. 
Up to 400mA Output 



Our Price £3-99 + P. & P. 16p. 
Unstabilised Version of above 
Other Eliminators (unstabilised)* 


9 volts (miniature) up to 
6 + 6 volts at up to 50mA 
9 + 9 volts at up to 50mA .. .. «-,g 

7| volts tor Cassette Players (small) £2.20 

Fully' Stabilised* 2 Car^Batte'iy Con- 
verter, giving switched outputs of 6, 

7} or 9 volts.£5-49 


BZY88. 400mW. 3 
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LONDON COLLEGE 
OF FURNITURE 

41 Commercial Road, 

London El 1LA 

Department of Musical 
Instrument Technology 

Full Time Courses 


Certificate Courses in: 



Part Time Courses 
Block Release or Day 
Release 

Stringed Keyboard Instrument Design and Manufacture 
Violin Making 

Early Fretted Instrument Making 
Piano Tuning and Maintenance 
Woodwind Instrument Maintenance 


Further information from: 
Senior Administrative Officer 
Tel: 01-247 1953 


□ 



KEEP WARM AT A 
COOL PRICE. 

Slash central heating costs with 
AMKIT. 

If you can put in electric wiring, you can install 
Amkit. The unique nylon pipe hot water central 
heating system, that you install yourself in hours. 
Look at these advantages: 

No soldering 

No 'T' junctions 

No special equipment 

No leaks, no lagging, no corrosion 

No structural upheaval 

Just reliable, effective central heating (Guaran¬ 
teed 25 years) at a saving of between £150 & £250. 
This famous system has been successfully market¬ 
ed since 1968. 

Clip the coupon, and we'll tell you more. 

r--- 

■ To Autocon Manufacturing Co. 

I Spring House, 10, Spring Place, London, NW5, 3BH 
Please send your brochure telling me all about Amkit. 

! Name 
j Address 

PE7 


or see for yourself at: THE AMKIT D.I.Y 
15, Procter St., London, W.C.1. (opp Holb 
Open Mon-Fri 9.30 am-5-30 pm. Sat 9 a 
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NEW EDU KIT MAJOR 




































NOW! A FAST EASY WAY 
TO LEARN BASIC RADIO 
& ELECTRONICS 


Learn basic Radio and Electronics 


RADIO AND TELEVISION 




ironic Engineering and TV Electrical Mach. 
« T « h "P lo «T Elementary Elactronlci 


BRITISH SCHOOL OF 
ENGINEERING TECHNOLOGY 
D«pt. BPE 70, ALDERMASTON COURT, READING RG7 4PF 

POST THIS COUPON FOR FREE BOOK 


SUBJECT OF INTEREST . 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 





Fascinating to build. Fantastic improvement to your carls 
performance. Complete Capacitive Discharge ignition system, 
fully proven, components fully guaranteed. Printed circuit 
design. All metalwork drilled ready. Fitted to car in 15 
minutes when built. 

• Sustained peak performance. • Up to 20% fuel saving. 

• Instant all-weather starting. Faster acceleration, higher 
top speed. • Suitable for all engines up to 8 cyls. • Longer 
spark plug life. • Longer battery life. • Contact breaker 
burn eliminated. • Purer exhaust gas emission. 

A new development from the manufacturers of Gunton ignition. Price: 
£9-35 inc. V.A.T. and postage. (12 volt only. State Pos. or Neg. earth). 
Ready built unit also available £11-55inc. V.A.T. and postage. 

GUARANTEED 5 YEARS 

ORDER NOW—SEND P.O./Cheque direct to: 

ELECTRONICS DESIGN ASSOCIATES, Dept. PE3 

82 Bath St.. Walsall WS1 3DE. Phone: 33652 
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you are purchasing the 
best soldering merchandise. 
These instruments identical 
to those used in industry world 
wide.The electronics industry 
useADCOLAforour reliability. 

precision and high 
safety standards ADCOIA 
be right for you ! 

to the 


B L646 INVADER Soldering Instlument €2.66 
C L1676 INVADER Soldering instrument £2.73 
D BL646 INVADER 12v Battery model £3.35 
E BL1076 INVADER 12v Battery model £3.50 
F INVADER Soldering Kit £4.73 

G R500 ELECTRIC Desoldering tool £9.79 
H REEL Desoldering Braid £0.75 

I L686 SOLDERING stand £1.97 

J L68 PROTECTIVE stand £1.31 

K i KILO SOLDER REEL £1.74 

L 3ozSOLDER REEL £0.52 

M SOLDER PACK £0.10 

New Catalogue . 

AH prices include 10% VAT Please ti 

PRINT NAME 
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ALLSPEAKERS 
NEED ID BE 
PUT IN THERE PLACE 
16-PAGE EXTRA! 

"YOUR HOME 
WITH HI-FI" 

TELLS YOU WHERE 

An acoustic guide on how 
to make your home a better 
place to listen in. 

PLUS 

• Snobs' guide to hi-fi 

• Multi-track tape-recording 

• Choosing a microphone 

• Hints and tips on tuners 

• AUDIO talks to Frank Muir about 
his choice of music and the 
equipment he uses 

• Tests: Garrard Zero 100 SB 

Sohab R4000 Stereo Receiver 
Sony TC161D Cassette Recorder 
Building and testing the Goodmans 
DIN20 loudspeaker kit. 

ALL IN THE MARCH 

Audio 

ON SALE MID-FEB. 25p 

Subject to the current national industrial 
situation at the time of going to press 
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SAXON 


Money saving high 
performance audio equipment 
DIRECT FROM OUR OWN FACTORY 



SAXON ENTERTAINMENTS LTD., 329 Whitehorse Road, W. Croydon, Surrey CRO 2HS 
Telephone 01 -684 6385 £££«"£ "TV; ;'- -«. 

From 9.30 a.m.-5.30 p.m. total valua of ardorfor V.A.T 

TRADE AND EXPORT ENQUIRIES INVITED 


TERMS OF BUSINESS 

Caah with ordar (C.W.O.). For C.O.D. pleatc add JJp 
axtra. cash by rogd. letter ploaaa._ 
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BUILD YOUR OWN TOURIST PUSH 
BUTTON CAR RADIO 

Technical specification 
1.) Output 2.5 w: " 


fomember? one of Mi 

fop Ten Accessory 
Awards from 
Motor magazine 

PUSHBUTTON 
CAR RADIO Ki r 


Its R.M.S. into 8 ohms. For 12 vol 


built three stage 


2.) Integrated circuit out 
IF Module. 

Controls Volume, manual tuning and five push buttons for 
station selection, illuminated tuning scale covering full 
Inedium and long wave bands. 

Sira Chassis 7 ins. wide. 2 ins. high and 4^ ins. deep approx. 


STEF 


QUALITY SOUND V 

FOR LESS THAN£19*00 


NOTE: The ability to solder on a printed circuitboard is 
necessary to complete this kit successfully. Circuit diagram 
and comprehensive instructions 55pfree with kit. 

Car Radio Kit 

£6.60 + 55p. postage & packing. 

Speaker including baffle and fixing strips 

£1.65 + 23p. postage ft packing. 

Recommended Cor Aerial - fully retractable and locking. 

£1.35 post paid. 


1 



re uired’ '“lodes 
8SR 3 speed dock, automatic. 


inual facilities togetherwii 


1 DISCO 
AMPLIFIER 


For the technically min 
Specifications: 

Input sensitivity 600mV:At 


liant Mk IV Mono Amplifier, ideal for the 
small disco or .house parties. 

Outputs 20 watts R.M.S. into 8 ohms (suitable 
for 15 ohms). 

Inputs *5 Electrically Mixed Inputs. *3 


x. input sensitivity 120mV: Power 
el: Output impedance 8-15 ohms. 
Stereo headphone socket with automatic speaker cutout. 

Provision for auxiliary inputs - radio, tape, etc., and outputs for 
taping discs. Overall Dimensions. Speakers approx. 

15)" 8" / 4". Complete deck and cover in closed position 

approx. 15) • 12" * 6". Complete only £18 • 45 + 16p. 
Opt^onV/oiamond's.yli £1.37 P & P 

Specially selected pair of stereo headphones with individua. 
performance. £3.85. 


able controls common to all 5 inputs, 
employing F.E.T. (Field Effect Transis¬ 
olid State Circuitry. •Attractive Styling. 


1) Crystal Mic or Guitar 9mV. 2) Moving coil 
Mic or Guitar 8mV. 3). 4). S) Medium output 
equipment (Gram. Tuner, Monitor, Organ, etc.) 
- all 250mV sensitivity. 


£13.50 + 60p. 
postage ft packing. 



8TRACK 
CARTRIDGE 
PLAYER 




in. the Stereo 21 and tHi 


Technical specification. 

Maids input. 240V. Output sensitivity 125mV 

Comparable unit sold elsewhere at £24 00 approx. 


ildering—just simply screw toi 
isr channel into 8 ohms. Input 
amic cartridge). The heart of I 


BUILD TOUR 
OWNSTEREO 
^AMPLIFIER 

mtrol panel. No 


r P.E. TAPE LINK 

CONSTRUCTORS 


iery low distortion over the audio si 

£7-64 + 55p.p ftp 


A suitable 3 speed tape deck, less heads. 
Caters up to 5| ins. spools. 240V AC mains 
Uoused but store soiled hence no 

^y^nrarranty. £4.00 +£1.00pftp^ 
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THE ULTIMATE 
COMPLETE SPEAKER 
SYSTEM EMILE315 



A professional standard five 
way speaker system with 
enclosure giving top quality 
performance. 

Enclosure Dimensions 
approx. (3ft. %2ft. x 1 ft.). 
Drive Units 

Hand built -15" diameter 


Recommended retail 
selling price. £86 00. 

Our price £45 00 + 

£3.50 postage & packing. 


rating 70 W. 
Frequency Response 

20 Hz 20.000 Hz. 


EMI SPEAKERS 

FANTASTICKDUCTION 



OUR PRICE £18-70+ OUR PRICE £25 00 + 
£1-50 p & p £1-50 p&p 

Special Offer. 




Mail orders to Acton. Terms C.W.O 
AH enquires Stamped Addressed En 
ot despatched outside U.K. 


Just mite your order giving £ 

your credit card number Leaflets available for all items listed. 

DO NOT SEND Send stamped addressed envelope. 

YOUR CARD 


Radio and TV Components (Acton) Ltd. 

21 High Street, Acton, London W3 6 NG(d) 
323 Edgware Road, London W2 

Edgware: 9 a m.-5.30 p.m. Half day Thurs. 
on Reliant Mk IV Mono Amplifier Acton: 9.30 a.m.-5 p.m. Closed all day Wed. 
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/Marshall’s 

A. Marshall & Son (London) Limited 

42 Cricklewood Broadway London NW2 3HD,Telephone 01-452 0161 
& 65 Bath Street Glas'gow G2 2BX,Telephone 041-332 4133 
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Get the Heathkit 
Catalogue..and 
save 

Handcrafted electronics with built-in quality and kit form 
savings. 

Hundreds of models to choose from. 

Heath offer you outstanding specifications and plus values 
that will impress you, your family and friends. Want to know 
more ? Send for your personal introduction to the international 
world of Heathkit electronics ... the Free Heathkit Catalogue. 




V* 


y 


rr 


YOU AIN’T HEARD 
NOTHIN’ YET!! 





gtess P.C. board, elegant alii.. 

buttons, instructions, in fact everything you neetf 3 ' P 
We also supply any of these kit components as separate items. 

Total kit price ONLY £28-50 (inclusive of VAT and postage). 

THE TEXAN', 'GEMINI' OR ANY 


. COMPONENTS SUPPLIEO BY ELECTRO SPARES ARE NE 
ANDED PRODUCTS OF REPUTABLE MANUFACTURERS 


LL GUARANTEE. 


«' STEREO AMPLIFIER 


We are continuing *to'supply components for this fabulous amplifier, 
which is now recognised^as practically THE ultimate in High-Fidelity. 

Electro Spares have available a booklet containing full specification, com- 



288 Ecclesall Road, Sheffield 
S11 8PE. Tel: (0742) 668888 

THE COMPONENT CENTRE OF THE NORTH' 


222 


Practical Electronics March 1974 


■■■■■ 

























COMPREHENSIVE HOME CONSTRUCTOR KITS 


AS SPECIFIED IN THE 


P.E. RONDO 


ZOMPLETE QUADRAP 

CBS SQ* MATRIX DECODER *TM CBS 

Complete kit. Post Free. Inc. CBS Licence Fee + 

VAT 80p 

<8.00 

Complete kit. Post Free. + 

VAT 30p 

<3.00 

MASTER VOL./TONE/BALANCE BOARD 

Complete kit. Post Free. + 


<8.50 

POWER AMP BOARD AND HEATSINK (Ste 
Complete kit. Per Board. Post Free + 

VATTSp 

<7.50 

POWER SUPPLY BOARD COMPLETE + 

VAT 50p 

<5.00 

MAIN SMOOTHING CAPACITORS (TWO+rc 

/ft'.sp 

<1.50 


MAINS TRANSFORMER £6*25 

Post Free. + VAT 62p 

CHASSIS-PUNCHED AND DRILLED WITH SCREENS £3,25 


RONDO CASE ^ ^ + VAT I7p 

<1.75 

HARDWARE PACK ^ ^ ^ 

<2.00 

CONTROL SECTION FASCIA ^ ^ + VAT 35p 

<3.50 

STEREO DECODER KIT ^ ^ + VAT 59 

<5.95 

STEREO DECODER READY BUILT AND TESTBD^ 

<6.95 

GOLDRING GIOI/2 TURNTABLE Lett Cartridge^ ^ 

<23.90 


DEUTSCHE ELAC STS 144/17 CARTRIDGE 


All component parts for “Rondo” loudspeaker assemblies are available, including special precision machined wrapround 
cabinets for very easy construction and perfect professional finish—as shown in fig. 5.9 of January 1974 issue. 

Dtc Fr«*. + VAT 39p 
ost Free. + VAT I2p ^ I 


READY BUILT LOUDSPEAKERS 


IS DRIVE UNITS (2 


IT WITH 4 DRIVE UNITS, CROSSOVER 


£34e50 

£62.00 


CROSSOVER Kl 


SONAX 

ELECTRONICS 

SPENCER HOUSE 
BRETTENHAM ROAD 
EDMONTON 
LONDON, N.18 


TRADE ENQUIRIES WELCOME 
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CBS SQ DECODER □ 

PREAMPLIFIER BOARD □ 
MASTER VOLUME BOARD □ 
POWER AMP BOARDS □ 
POWER SUPPLY BOARDS □ 
SMOOTHING CAPACITORS □ 
MAINS TRANSFORMER □ 
CHASSIS □ 

STEREO DECODER KIT □ 
STEREO DECODER BUILT □ 
READY BUILT LOUDSPEAKER 
TEAK CABINET ( ) □ 
READY BUILT LOUD¬ 
SPEAKERS WHITE 
CABINET ( ) □ 


TWEETERS ( ) [ 

CROSSOVER KIT ( ) [ 
CABINET KIT WHITE ( ) [ 
CABINET KIT TEAK ( ) [ 
COMPLETE SPEAKER KIT 
CROSSOVER WADDING, 
WITH WHITE CABINET 


HARDWARE PACK 
CONTROL SECTION 


MONEY 

ENCLOSED 

£ . 

CHEQUE 

P.0. 

MONEY ORDER 


BLOCK CAPITALS PLEASE 

NAME .. 

ADDRESS 


DETAILS OF ANCILLARY Kl 























































































ALL OUR PRICES INCLUDE V.A.T. 






























look! 


electronics 

really 

mastered 


... practical 
...visual 
...exciting! 


no previous knowledge 
no unnecessary theory 
no "maths" 




BUILD, SEE AND LEARN 

step by step, we take you through all the fundamentals of 
electronics and show how easily the subject can be mastered. 
Write for the free brochure now which explains our system. 


□ 


1/ BUILD AN 
OSCILLOSCOPE 

You learn how to build 
an oscilloscope which 
remains your property. 
With it, you will become 
familiar with all the 
components used in 
electronics. 


_ 


21 READ, DRAW 
AND UNDERSTAND 
CIRCUIT DIAGRAMS 

' 1 1 

-T _ T 


as used currently in the 
various fields of electronics. 


3/ CARRY OUT 
I OVER 

I EXPERIMENTS 
I ON BASIC ELECTRONIC 
CIRCUITS & SEE HOW 
THEY WORK, including: 


' 


valve experiments, transistor experiments 
amplifiers, oscillators, signal tracer, pho¬ 
to electric circuit, computer circuit, basic 
radio receiver, electronic switch, simple 
transmitter, a.c. experiments, d.c. experi¬ 
ments. simple counter, time delay circuit, 
servicing procedures. 


This new style course will enable anyone to 
really understand electronics by a modern, 
practical and visual method—no maths, and 
a minimum of theory—no previous knowledge 
required. It will also enable anyone to under¬ 
stand how to test, service and maintain all 
types of electronic equipment, radio and TV 
receivers, etc. 


_ 


FREE 


POST NOW 
for 

BROCHURE 


To BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, P.O. BOX IS6, JERSEY. Please 
send your free brochure, without obligation, to: we do not omplo, representors 


or write if you prefer nc 


:o cut page ADDRESS PLEASE EL34 


special free gift also to all our students 
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INSPIRING TIMES 

I F necessity be the mother of invention, we are now surely 
entering upon a period of prolificity in circuit creation 
and adaptation. 

It is the amateur designer and experimenter who so often 
has the knack of hitting upon the right kind of solution to 
a sudden problem affecting everyday life. And problems 
there certainly are at this present time when restrictions 
in the use of electricity, if not complete cuts in the supply, 
affect all households; and soaring prices, if no actual shortage 
of petrol, make every motorist that more efficiency conscious. 

This month’s Ingenuity Unlimited includes a novel circuit 
devised by one of our readers and it is likely to be of interest 
to those with electrically controlled gas fired heating systems. 
A fore-runner, no doubt, of other crisis inspired ideas. We 
shall be happy, indeed consider it to be our duty, to publish 
other circuit ideas which may help overcome hardships or 
inconvenience experienced at home or on the road. 

There already exist, of course, many circuits and systems 
that have relevance in the present difficult times. As a service 
to our readers we have prepared a special Blueprint for 
inclusion in this issue. It gives details for constructing two 
extremely useful and topical projects. 

One side of this Blueprint carries details of the P.E. Scorpio 
Mk 2 Ignition System. The great success of the first Scorpio 
ignition system coupled with a continuing demand for copies 
of the original article made it quite clear that publication 
of an up-dated version would be highly welcomed; and in 
actual fact, could be a genuine service to the car owning 
public. The merits of the capacitor discharge ignition system 
are now well established, but they are, in any case, sum¬ 
marised fn the article which complements the information 
given on the Blueprint. 

The other side of the Blueprint is devoted to a design for 
a lamp inverter. Such devices are not by any means novel, 
but since design information may not be immediately to hand 
at the crucial moment, we expect a number of readers will 
appreciate the appearance of this useful design. 

NEW PRICE 

We ourselves, alas, are not immune from the effects of 
rising prices and shortages of raw materials, and we regret 
having to end this month with the following domestic note. 

An apology is due to our readers for the lack of advance 
warning with regard to an increase in price of Practical 
Electronics. This increase to 25p takes effect as from this 
(March) issue. Unfortunately it was not possible to make an 
earlier announcement in this respect. 

We trust all our readers will understand that the current 
high cost of materials, especially paper, makes this new 
price for P.E. unavoidable. 

F.E.B. 


Editorial 

R. D. RAILTON Assistant Editor 

D. BARRINGTON Production Editor 
G. GODBOLD Technical Editor 

S. R. LEWIS B.Sc. 

Art Dept. 

J. D. POUNTNEY Art Editor 

J. A. HADLEY 
R. J. GOODMAN 

K. A. WOODRUFF 

Advertisement Manager 
D. W. B. TILLEARD 
Phone: 01-634 4202 


Editorial <t Advertising Offices: 
Fleetway House, Farringdon St., 
London EC4A 4AD 
Phone: Editorial 01-634 4452 

Advertisements 01-634 4202 
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P robably the simplest rhythm generator is the 
old fashioned metronome. This device main¬ 
tains the player’s tempo but it cannot emphasise 
the down beat or create any special effects. 

Down beat enhancement can be achieved elec¬ 
tronically but for more entertaining rhythm accom¬ 
paniment it is more satisfying to tie the output of 
an electronic metronome to electronic percussion 
generators in a selected sequence or rhythm pattern 
such as Waltz, Cha-cha, etc. 

All commercially available switched rhythm 
generators have fixed rhythms which cannot be 
changed except by rewiring the switches. The 
generator to be described has no such limitations, 
it can produce any rhythm pattern of 16 pulses, for 
a total of 64,000 patterns, to be used to drive any 
one of eight percussion generators. Details for set¬ 
ting up the common rhythm patterns will be given. 

Four time signature switches select 4/4, 3/4, 6/8 
or 9/8 time for the 16 available pulses and when 
programming a rhythm pattern the pulse order can 
be monitored using a Minitron indicator. Because 
Circuit layout is not particularly critical detailed 
constructional information has been omitted and 
instead use has been made of photographs anno¬ 
tated wherb necessary, to provide rudimentary 
guidelines for assembly. 

BLOCK DIAGRAM 

Fig. 1 shows the block diagram for the Rhythm 
Generator. The tempo generator is an assymetrical 
astable multivibrator. It will start when power is' 
applied and run at all times from that point on. 
The^ frequency is controlled by the tempo control 

The output of this generator is fed to a divide by 
four circuit. This expedient was used to keep the 


size of the tempo generator components to reason¬ 
able levels and insure more reliable operation of 
that part of the circuit. The tempo generator runs 
then at an effective 64 beats per measure. 

The four bit binary counter is used to generate 
16 binary numbers which are decoded for the 
address information (storage address) and applied 
to IC6 for decoding and application to the Minitron 
indicator. IC5 decoding chip is used to supply reset 
pulses to the counter for 9 and 12 counts giving ' 
9/8 time and 3/4 or 6/8 time respectively. 

The step generator is switched to the input of the 
counter when the “Stop/Run” switch is placed in the 1 
“Stop” position. The divide by four output is ! 
removed at that time and the counter can be manu¬ 
ally stepped from 0 through 15. 


MEMORY CHIPS 

The storage section for the programmed rhythms 
is made up of two SN7489, 64 bit bipolar memory 
chips (IC7/IC8). Each of these contains 64 flip-flops 
capable of storing a binary 0 or 1 (0 volts or 4 volts 
respectively). The particular group of four flip-flops 
selected per chip (eight for both chips) is controlled 
by the address lines which get their information 
from the counter. Thus 16 registers of eight bits 
each are available. 

Each of these 16 registers is operated or selected 
in turn when the counter is running or being 
manually stepped and the contents of each can be 
controlled by the input switches to store either a 
binary 0 or 1. The actual output of each bit is 
inverted 3nd iS reoriented ky the output gates, IC9/ 

Besides the address lines, input lines and output 
lines, there is a “chip select” and a- “write” line. 


















The chip select line is permanently grounded in 
this application because it simply makes the output 
available. The “write” line is used to write new 
information into storage when programming the 
rhythm generator. Setting the input switches as 
desired (S5 through 12) and pressing the “Write” 
switch will cause the new information to be stored. 


otherwise, the input does not effect the condition of 
the storage locations. 

The output of the instrument gates is controlled 
by the output of the storage section and the divide 
by four counter. The result is a positive pulse of 
voltage initiated when the counter changes state if, 
in the new count position, a “1” has been stored for 
that instrument. 


» Rhythms can be programmed by the user 

& Eight percussion generators 

& Can produce any 16 pulse rhythms up to 64,000 

& Four time signature switches for 4/4, 3/4, 618 or 9/8 
measures 

& Pulse order can be observed using a Minitron Indicator 
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PERCUSSION GENERATORS 

The percussion generators make use of various 
circuits to generate the sounds of drums, bongos and 
> so forth. 

The bass drum generator, for example, contains 
an input amplifier which converts the 5 volt input 
pulse to 18 volts, shapes it and applies it to a twin-T 
ringing oscillator. The circuitry for the bongos and 
blocks is similar. 

The snare drum, cymbal and brushes make use 
of a noise diode the output of which is shaped and 
filtered, mixed with some basic frequency and 
applied to the mixer. The first four instruments 
are applied to a single f.e.t. stage. The final four 
are applied to individual f.e.t. stages and the output 
of these five f.e.t.s is applied to a source follower as 
an output stage to the amplifier. 

The output of the 18 volt power supply is regu¬ 
lated to reduce hum and noise while the 4-7V 
supply is held reasonably level with a Zener diode. 
The volume control, VR16, is located on the back 
panel of the complete instrument. 



COMPONENTS... 


TEMPO, TIMING AND LOGIC 

Resistors 

R1 Ikn 
R2 22k (i 
R3 15kQ 
R4 IkO 

All 10% { watt carbon 

Capacitors 

Cl O-OI/uF ceramic 100V 

C2 10/xF elect. 25V 

C3-C6 O-OlfiF polyester (4 off) 

Integrated Circuits 

IC1-IC3 SN7473 (3 off) 

IC4 SN7400 

IC5 SN7420 

IC6 SN7447 

IC7-IC8 SN7489 (2 off) 

IC9-IC10 SN7402 (2 off) 


Switches 

S1-S2 Single pole change over, break before 
make push-button. 

53 Single pole change over miniature toggle 

54 Single pole change over, break before make 
push-button 

S5-S12 Single pole change over miniature 
toggle (8 off) 

S13-S16 Bank of four, four pole change over 
switches 

All switches available from Hotne Radio 


Lamp 

LP1 Minitron 3015F 7 segment indicator 

Miscellaneous 

Contil Mod 2B case (West Hyde Developments) 
2 plug in Veroboards 5-1inx3-744in, 0-1 in 
matrix to suit 32 contact edge connectors, 
type B 

POWER SUPPLY UNIT 

Resistors 

R5 7 O 2W 
R6 270 n*W 

Capacitors 

C7 2,000/xF elect. 25V 
C8 1,000/iF elect. 15V 


Diodes 

D1 ZL4-7 4-7V Zener 1W 
D2 ZL1818V Zener 500mW 

Bridge Rectifiers 
D3-D6 MDA 942A1 Motorola 
D7-D10 MDA 942A1 Motorola 

Transformer 

T1 Pri-240V, Sec. 1 18V, 0-35A; Sec. 2 6-3V 
0-7A (Henry’s Radio) 

Miscellaneous 

FS1—200mA cartridge fuse S17-Double pole 
main toggle switch 
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BASS DRUM 

esistors 

R7 4-7k n R13-R14 56k a (2 off) 

R8 INI a R15 12M0 

R9 2-7k a R16 100 £1 

RIO 82k £1 ,R17 68k a 

R11 2-2k£l R18 10k £2 

R12 2-7k £1 

AH 10% iW carbon 

Capacitors 

r C9 0-1/xF 

CIO 0-02/xF 

C11-C15 0-1/xF (5 off) 

Potentiometers 

VR3 5k £1 miniature preset 
VR4 50k £2 miniature preset 


HIGH AND LOW BONGOS 

Resistors 

R19-R20 4-7k £2 (2 off) 

R21-R22 2 7k £2 (2 off) 

R23-R24 1M £2 (2 off) 

R25-R26 27k £2 (2 off) 

R27-R28 2-2k £2 (2 off) 

R29-R30 6-8k £2 (2 off) 

R31-R34 56k £2 (4 off) 

R35-R36 1-2M £2 (2 off) 

R37-R38 68k n (2 off) 

R39-R40 100 £2 (2 off) 

R41-R44 82k £2 (4 off) 

All iW 10% carbon 

Capacitors 

C16-C17 0-01/xF (2 off) 

C18-C23 0-015/xF (6 off) 

C24* 0-033/xF (High bongo only) 

C25* 0-1/xF (Low bongo only) 

C26-C27 0-05/xF (2 off) 

C28-C29 0 01/xF (2 off) 


SNARE DRUM 

Resistors 

R55-R56 4-7k £2 R61 12k a 

R57 3-3k £2 R62 120k O 

R58 Ik £2 R63 2-2k£2 

R59 120k £2 R64 3-9k£2, 

R60 100k £2 R65 15k £2 

All i watt 10% carbon 
Capacitors 
C36 VF elect. 15V 
C37 10/xF elect. 15V 
C38 0-1/xF 
C39 0-0022/xF 
C40 0022/xF 
C41 220pF 
C42 1-5/xF elect. 15V 
C43 500pF 
Potentiometer 
VR10 100k £2 miniature preset 
Transistors 

TR13-TR14 BC109 (2 off) 

Diodes 
Dll 1N914 
D12 Z1J (Semitron) 

Inductor 

LI OL130 transformer 

(Henry's Radio) 

CYMBAL 

Resistors 

R66 3-3k£2 R73 120k £2 

R67 10k £2 R74 100k £2 

R68 470k£2 R75 120k £2 

R69 47k £2 R76-R77 10k £2 

R70 10k £2 R78 2-2k£2 

R71 1-5M £2 R79 1M£2 

R72 680 £2 R80 10k £2 

All ± watt 10% carbon 
Capacitors C47 0-05/xF 

C44 2/xF elect. 15V C48 1/xF elect. 

C45 8/xF elect. 15V 15V 

C46 0-1/xF C49 0-05/x F 


SHORT BRUSH 

Resistors 


Potentiometers 

VR5-VR6 5k £2 miniature preset (2 off) 
VR7-VR8 50k £2 miniature preset (2 off) 

BLOCKS 

Re R % St ° rS 4-7k £2 R50 68k £2 

R46-R47 27k £2 (2 off) R51-R52 22k £2 

R48 150k £2 R53 15 k £2 

R49 390k £2 R54 2-7k £2 

All 10% ± watt carbon 

Capacitors 

C30 0-1/xF 

C31-C33 0-002/xF (3 off) 

C34 0-1/xF 

C35 500pF 


Diodes 

D13-D14 1N914 (2 off) 
D15 Z1J (Semitron) 


LONG BRUSH 

"RSI 8 * 0 " 4-7k £2 R88 100k £2 

R82-R83 22k £2 R89-R90 10k £2 

R84 1-2M £2 R91 2-2k£2 

R85 390 £2 R92 150k £2 

R86 100k £2 R93 82k £2 

R87 68k O 

All i watt 10% carbon 
Capacitors C53 0-01/xF 

C50 4/xF elect. 15V C54 2-5/xF elect. 
C51 0-1/xF 15V 

C52 0-02/xF C55 0-22/xF 

Transistors 

TR18-TR20 BC109 (3 off) 
D *D16 e# 1N914 D17 Z1J (Semitron) 


4-7k £2 

R95-R96 22k £2 (2 off) 

R97 1-2M £2 

R98 390 O 

R99 100k £2 

R100 68k £2 

R101 100kO 

R102-R103 10k D (2 off) 
R104 2-2k £2 

R105 150kD 

R106 82kQ 

All £ watt 10% carbon 

Capacitors 

C56 1/xF elect. 15V 

C57 0-1/xF 

C58 0-02/xF 

C59 0-01/xF 

C60 2-5/xF elect. 15v ■ 

C61 0-22/xF 


Diodes 
D16 1N914 
D17 Z1J (Semitron) 

MIXER AND PRE-AMPLIFIERS 
Resistors 

R107 4-7k £2 

R108-R112 2-2k £2 (5 off) 

R113 10k £2 

R114 2M£2 

R115 lOkH 

R116 2-2kO 

All ± watt 10% carbon 

Capacitors 

C62-C66 0-01/xF (5 off) 

C67 0-05/xF 

Potentiometers 

VR11-VR15 2-5M Q miniature preset 
(5 off) 


AMPLIFIER 

Resistors 

R117 330k O R121 39k a 

R118 39k a R122 3-3ka 

R119 18k a R123 22 a 

R120 150ka R124 Ika 

All i watt 10% carbon 

Capacitors 

C68 0-1/xF C71 0-1/xF 

C69 0-002/xF C72 50/xF elect. 15V 
C70 500/xF elect. 15V 
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TEMPO GENERATOR 

The circuit for the tempo generator is shown in 
Fig. 2. If the multivibrator capacitors were of equal 
value, the output would be a symmetrical square 
wave but Cl is 1/1000 the value of C2 creating a 
pulse of very short duration at a repetition rate 
determined largely by the value of C2. The output 
period is made variable by VR1 and gives a sufficient 
range of tempo to cover most requirements. 

The output feeds a divide by four counter stage 
(IC1) composed of flip-flops A1 and A2 as shown 
in Fig. 3. The output of this counter is a symmetrical 
square wave with a period variable from 2 seconds 
to 25 milliseconds. This output is the basic timing 
waveform for the entire system. 

FOUR BIT COUNTER 

The four flip-flops labelled Bl, B2, Cl and C2 
(IC2, IC3) make up a four bit binary counter. Drive 
for this counter is obtained either from the output 
of the divider in the “Run” position of S3, the 
“Stop/Run” switch, or from the bistable latch (D1 
and D2) in the “Stop” position. This allows the 
counter to be stepped through the count sequence 
manually with SI, the “Step” switch. 

All four flip-flops can be reset by grounding the 
reset pins {2 and 6 of each chip). To reset the 
counter in the “Stop” position, the “Reset” switch 
S4 is pressed. This forces the counter to binary 
0000. 

In the 4/4 position of the “Time Signature” switch 
SI3, the counter will count through 16 counts and 
automatically return to 0000. In the 3/4 and 6/8 
positions, the counter must be forced back to 0000 
after 12 counts. 

This is done by applying the Q outputs of Bl 
and B2 and the Q outputs of Cl and C2 to the 
input of nand gate El <IC5). When this count is 
reached, the output of that gate will go immediately 
to 0 and the counter will be reset. 

For 9/8 time, only 9 counts are allowed and the 
counter is then reset with nand gate E2. 


Prototype p.c.b. including tempo, timing and logic 
assembly. Four 00VF capacitors must be included 
for decoupling the chip supply lines 
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STORAGE, OUTPUT AND INDICATOR 

Fig. 4 shows the logic diagram for the storage, 
indicator and output gates. The four counter Q 
outputs from IC2/IC3 are applied to the A, B, C 
and D inputs of each of the memory chip address 
select lines. 

S5 through S12 are the instrument input switches 
and S2 is the “Write” switch. The chip select inputs 
(pins 2) on both IC7 and IC8 are permanently 
grounded which simply means that the output will 
always be available. 

The output of these storage or memory chips is 
applied to the inputs of eight nor gates (IC9/IC10) 
and gated with the output of the divider IC1 to give 
a positive pulse out for each position and time 
segment that an instrument is to sound. 

IC6 uses outputs A, B and C of the counter to 
decode the correot sequence of grounds to be applied 
to the Minitron indicator. 


LOGIC ASSEMBLY 

Although the prototype used plug-in printed circuit 
boards, 0-1 in plug-in Veroboards can be successfully 
substituted for the logic and percussion circuitry. 

While no constructional details are included suffi¬ 
cient information for this should be gleaned from the 
photograph of the prototype logic card showing the 
disposition of the tempo generator and logic chips. 
Note carefully the use of four 0 01/*F capacitors 
connected between the supply and ground lines. 
These should be added to prevent spurious triggering. 

Point to point wiring on the board should be 
carried out according to the circuit diagrams given. 
It really boils down to wiring between the i.c. pin 
numbers shown and taking off external wiring, such 
as to control switches and percussion generators, to 
those copper strips which will mate with the Vero- 
board’s edge connector. 
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The 4-7V power lines can now be connected to 
the logic, board edge connector and the appropriate 
connections to the control panel switches made. A 
number of tests can now be made. 

First plug in the board and switch on. In the 
“Stop” position of S3, press the “Reset” button. The 
Minitron indicator should show a figure eight. This 
is a lamp test feature and assures that all seven 
segments of the indicator work correctly. With the 
switch released the indicator should read 0. With 
S3 now in the “Run” position the Minitron indicator 
should go through 0 to 7 repetitively. The “Tempo ” 
control can slow this process right down so that 
single digit changes can be easily observed. 

If these tests are satisfactory, the unit is sound to 
this point. There are other tests that could be made 
but they would require additional instruments and 
are not really worth including. 

Next month details for the percussion 
generators, mixer and amplifier will be given. 


Part of the component assembly within the case. The 
amplifier is outboard mounted and the speaker con¬ 
nected to the removed plate 


Once connections have been made and verified 
breaks in the copper should be made where appro¬ 
priate. Finally check all wiring according to the 
circuits and make sure that there are no solder 
bridges or loose bits of wire around to cause future 
trouble. 

POWER SUPPLY 

The power supply is made up on a 2|in x 2|in, 
0-15in matrix Veroboard. With the transformer and 
large electrolytic C7 these are all finally mounted on 
the Contil case chassis plate. With the wiring com¬ 
pleted for this connect to the mains and ensure that 
the line output voltages are correct. 

At this point it is a good idea to cut and drill 
those holes for the control panel switches and 
indicator. The locations for these are indicated in 
the photograph. 


PA and PE 

Sound'74 

INTERNATIONAL 

The Public Address Engineers' 
Exhibition, Bloomsbury Centre 
Hotel, Russell Square, London WCt 
12-14th March, 1974. 

Tuesday, Wednesday 10 a.m. to 
6 p.m. Thursday 10 a.m. to 5 p.m. 

Visit the Practical Electronics Stand and see 
our latest audio equipment (including the 
Rhythm Generator) designed specially for the 
home constructor. 

Tickets available from Editorial Dept., Prac¬ 
tical Electronics, Fleetway House, Farringdon 
St., London E.C.1. Please enclose S.A.E. 
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fWhich type of 
are 


Shopper A, enthusiastic to a fault, is determined to track 
down the components he needs for his next project. 
We ll overlook the fact that he’ll probably end up with 
pneumonia! 

Shopper B learnt his lesson long ago—now he simply 
sits back and orders all his requirements from his Home 
Radio Components’ catalogue. The worst that could 
happen to him is that, being so absorbed in the 
catalogue, he might burn his toast! That’s a small 
price to pay though for the comfort, convenience and 
economy of ordering components this way. 

You too can join the blissful “B s —there must be about 
100,000 of them! To get your catalogue (240 large pages 
packed with 6,800 items, 1,770 of them illustrated) simply 
post the coupon with your P.O. or cheque for 77p. (55p 
plus 22p post and packing.) Every catalogue contains 
5 vouchers, each worth lOp when used as directed. 
Send now. 
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High efficiency light source from a 12V d.c. supply 


W ith power cuts an annual recurrence the con¬ 
struction of an inverter to drive a fluorescent 
lamp from a 12V d.c. supply, such as a car battery, 
is a worthwhile investment. 

Although one basic circuit is described, with 
minor component changes the inverter is capable of 
driving either an 8W, 13W or 20W lamp. 

HIGH FREQUENCY OPERATION 

The choice of an operating frequency above 
20kHz for the inverter means a reduction in trans¬ 
former size, increased lamp efficiency and the 
elimination of audible whistles. 

The unit incorporates transistor protection against 
lamp removal by automatically stopping the oscil¬ 
lator. Diode protection against supply polarity 
reversal is also included. 

CIRCUIT DESCRIPTION 

The circuit shown in Fig. 1 is developed from 
the well-known Hartley oscillator. The primary 
winding of the pot core transformer T1 is in the 
emitter circuit so that the collector of the transistor 
TR1 can be earthed. This arrangement means that 
the feedback winding must give a greater voltage 
than the primary winding and therefore has more 
turns. 


The feedback winding provides the drive to the 
transistor base via a limiting resistor Rl, one of the 
lamp heaters and C3. 

The voltage across the secondary winding is 
sufficient to strike the tube and the leakage induc¬ 
tance in conjunction with the base resistor limits the 
tube running current. ThiS is necessary because the 
fluorescent tube tends to maintain a constant voltage. 

Heater curfent for the tube is provided at one 
end by the drive current and at the other by 
a few extra turns on the secondary winding. The 
bypass capacitor across the transistor limits the 
peak collector emitter voltage to a safe value. This 
is not normally required in the 8W version. 

POSITIVE AND NEGATIVE EARTH 

If the circuit is being constructed in a separate 
metal case and used with a positive earthed supply 
system the transistor can be mounted directly on 
to the case. If the supply is negative earthed a 
mica washer and plastic bushes should be used to 
insulate the transistor which should be protected 
from possible shorts to earth by a plastic cover. 

The circuit board should now be cut and 
drilled to fit the case and the components mounted 
as shown. The transformer leads can be connected 
to the printed circuit via pins and further pins can 
























be used for connecting leads to the transistor and 
the fluorescent lamp. 

When the wiring-up is completed the circuit 
should be carefully checked before it is connected to 
the voltage supply to ensure that both diodes and 
the transistor are connected the right way round and 
that copper breaks in the Veroboard have been 
cleanly cut and that there are no shorts between 
strips due to surplus solder. 

TESTING 

Testing should start with a low voltage battery or 
a gradually increasing voltage supply with a series 
ammeter to check that the current consumption is 
not excessive and that the transistor is not over¬ 
heating. 

The fluorescent tube must be connected to com¬ 
plete the bias circuit and if the circuit is oscillating 
a glow will be seen from the heaters at the ends 
of the tube. When the full voltage is applied the 
lamp should strike and light up but during pre¬ 
liminary testing the lamp will strike easier if a fine 
wire is stretched between the metal end caps and 
connected to one of the heater pins. 

If the circuit does not oscillate LI may be reversed 
or there may be some shorted turns in the trans¬ 
former. When operating normally with a 13 watt 
tube this inverter consumes about 1 -4 amps at 
12 volts. This current and the light output can be 
varied slightly by small adjustments to R1 and/or 


PRECAUTIONS 

All metal parts, including the metal end caps on 
the tube, should be earthed and the fine wire con¬ 
nected to the heater pin during tests should be 
removed. The voltage across the tube is high enough 
to provide a nasty shock and should be treated with 
respect. 

TRANSFORMER WINDING 

The winding order is identical for the 8 watt, 
13 watt or 20 watt versions of the inverter. Start 
by winding the primary LI on the bobbin according 
to the relevant data given in the Components List. 
Lead ends on each coil should be colour coded for 
later identification. 

Insulate with plastic adhesive tape and then add 
L2 again insulating the winding with tape. Finally 


Interior assembly of 13W inverter 

add L3 and L4. The direction of winding for all 
coils is the same. 

Before bolting the two halves of the Ferroxcube 
pot core together onto the Veroboard, two paper 
spacing washers should be cut and fitted between 
them. 

CONSTRUCTION 

The Ferroxcube transformer and majority of cir¬ 
cuit components are mounted on a 2in x 2^in, 
01 in matrix Veroboard with the transistor connected 
to case. 

The mounting of the fluorescent lamp will depend 
on the application and to a certain extent on the 
constructor’s preferences. For example an 8 watt 
tube can be used in a caravan mounted flush with 
the roof and components separate or on a channel 
support with the components mounted in the 
channel. 

Alternatively an attractive table or hanging lamp 
can be constructed with the fluorescent lamp in a 
vertical Perspex tube with the components in a 
suitable case at one end of the tube. 

Another idea is to construct a portable lamp 
using two 6V lantern batteries in a suitable case 
with the lamp and reflector mounted on the outside. 
Leads can then be connected via a plug and socket 
for external battery supplies such as a car battery. 
This makes an ideal camping light but the lantern 
batteries should be isolated from the car battery by 
diodes or a switch. -fa 


The 13W inverter with output leads 
terminated with-clips and lamp 
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SKYLAB-LAST MISSION 

As this is being written the last 
Sky lab mission planned before the 
Soviet-American rendezvous in 
space, is not quite half way through. 
The longest single mission of three 
astronauts will bring to an end the 
triple series of scientific pro¬ 
grammes. 

By whatever standards these 
experiments may be judged they 
represent one of the major events 
in the history of the solar system. 
Some may regard the Skylab pro¬ 
ject as more important than the 
Apollo programme. Certainly, a 
very comprehensive coverage of 
observation (and running repairs) 
will add much to the data so far 
amassed. It must not, however, be 
forgotten that side by side with the 
success story go some rather dis¬ 
quieting happenings. 

It is intended that the return of 
the team will be in early February. 
However, at the time of writing, 
there are possibilities that there 
could be an earlier termination 
because of certain disciplinary 
reactions. Perhaps it is to be a 
blessing, if seen in the broad con¬ 
text of advanced technology. 

The problems that have arisen 
are twofold. There have been tech¬ 
nical difficulties and some personnel 
problems. None of the present crew 
have flown in space before and this 
could to some extent explain the 
behavioural problems. 


CREW CONCERN 

Mission Control have been con¬ 
cerned about the crew in that they 
suffered from motion sickness for 
several days and attempted to con¬ 
ceal this from the physicians moni¬ 
toring the flight. Perhaps this is 
understandable since they would be 
worried about being recalled. On 
the other hand there were other 
signs such as proneness to error 
and poor disposition. 

Their sleep sessions have tended 
to be longer than was thought to 
be required, compared with the 
previous crews. They have been 
moody and temperamental when in 
contact with control and have com¬ 
plained somewhat bitterly about 
their workload. Refusal to come in 
from extra vehicular activities has 
seemed to show a somewhat 
antagonistic attitude towards 
instructions. 

The consequences on their work 
has been very noticeable. The most 
serious error has been in relation 
to the operation of the cameras 
during observation passes of the 
Earth. The proper filters to six 
cameras were forgotten. Much of 
the film will be useless though some 
may be recoverable using certain 



special techniques when they are 
returned to base. 

The medical unit in charge at 
control will be seeking an answer 
to these rather irrational episodes. 
Despite this however, it cannot 
detract from the remarkable Skylab 
project. 

Some of the technical problems 
have been concerned with the gyro¬ 
scopes. One of these has been out 
of use since the end of November. 
The other has tended to show a 
showing down. Normally it would 
Have a revolution of 8,200 per 
minute. It slowed by 14 revolutions 
and then by a further 10 per minute. 
This is quite serious and should it 
continue to fall then the mission 
could well be curtailed. 

PIONEER 10 AND JUPITER 

Some of the vital statistics so far 
recorded during Pioneer’s mission 
to Jupiter have confirmed previous 
thinking. The magnetic field for 
example is recorded at 4 gauss. In 
a recent “SPACEWATCH” mention 
was made that Dr C. H. Barrow 
had used a figure of 9 to 10 gauss. 
Re-examination of his previous 
papers can now lead to some con¬ 
structive theories. 

The off-set magnetic field confirms 
Warwick’s claim made several years 
ago. The higher level of the radia¬ 
tion belts has also been confirmed. 
It is also confirmed that Io has an 
ionosphere. This supports the 
earlier data that Io has an influence 
on the decametre radiation from 
Jupiter. 

It will be some time yet before 
the accumulated data is to hand for 
distribution. 

Perhaps another important point 
that might be made is the fact that 
so far the 8W transmitter has ful¬ 


filled its task admirably. It remains 
to be seen (heard?) how far out 
it will continue to supply data. 

One further important develop¬ 
ment is that it is now quite definitely 
confirmed that there are hazards to 
control, in the magnetosphere of 
Jupiter. There is the possibility of 
random effects giving the same sort 
of command signal to the vehicle. 

The case of far out probes such 
as Pioneer 10, introduces the long 
time period of signal travel. That 
is 45 minutes out and 45 minutes 
back. This could be much too long 
to counteract false signals. To over¬ 
come this a method of repeating 
commands every 30 minutes is being 
used. By this means the risks are 
minimised. 

MOON AS A STANDARD 
LAMP 

Dr J. Linsky of Boulder, Colo¬ 
rado, has made use of data obtained 
from the Apollo missions and the 
study of the lunar soil, to set the 
moon as a standard of comparison 
for infra-red and microwaves. 

The average values have been 
studied and Linsky’s results have 
shown an accuracy of 4 per cent 
for wavelengths between 10 micro¬ 
metres and 1 metre. By averaging 
the radiation between successive 
new moons he arrived at a figure 
for radiation over a lunar day for 
the central part of the moon’s disc. 
It is possible to use this standard 
to calibrate the sun and parts of the 
galaxy. 

Linsky is able to fix the brightness 
at an order of magnitude better 
than with other methods. Possibili¬ 
ties of a better study of the chromo¬ 
sphere are therefore indicated and 
perhaps a better view of how the 
heat transfer shock waves operate. 

QUASARS 

The see-saw of opinion continues 
to operate in the controversial field 
of quasars. In spite of this there 
is growing confirmation of the 
claims of the radio astronomers that 
these are far distant rapidly receding 
objects. 

Recent new work has offered a 
new dilemma for theorists since in 
one particular case the observers 
are faced with deciding as to 
whether, in certain cases, the quasar 
is in fact way beyond its apparent 
position relative to a galaxy or 
whether Hubbles law is in doubt 
in such cases. 

It still leaves the position largely 
as before, that of all the new dis¬ 
coveries of other sources such as 
pulsars, black holes, X-ray stars, 
etc., the quasar remains the most 
mysterious. Near or far as to posi¬ 
tion still remains in doubt when 
looking at the overall picture. 
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T he constant current generator is a very useful 
circuit element, which does not often achieve the 
recognition it deserves. Fig. 1 shows the symbol used 
and the voltage-current characteristic of an ideal 
current source. An ideal current source produces a 
current which is totally independent of the voltage 
across the terminals of the source. In other words, 
the slope resistance or dynamic resistance of the 
generator is infinite since 


dynamic resistance R<t 


change in voltage (A V) 
change in current (A/) 


Practical current sources, however, have a character¬ 
istic of the form shown in Fig. 2. This falls short of the 
idea! in three main ways: 


1. The slope resistance is not infinite, i.e. there is a 
small change in the current flowing through the device 
as the voltage across the terminals is altered. 

2. Below a certain voltage, called the knee voltage, the 
slope resistance is reduced because the characteristic 
curve of any circuit which does not contain its own 
separate power supply must pass through the origin, 
i.e. when there is no voltage across it, no current can 
flow. 


3. Above a certain voltage, breakdown will occur and 
the current will increase sharply. 

CURRENT REGULATOR DIODES 

The simplest constant current generator available is 
the current regulator diode. This is a two-terminal 
device whose symbol is shown in Fig. 3. 

The range of current regulator diodes manufactured 
by Motorola provides current ratings from 220/tA to 
4-7mA. Their slope resistances vary from 25Mfl for 
the 220/tA diode to 240k £7 for the'4-7mA diode and the 
knee voltages range from IV for the lowest current 
diodes to 2-9V for the 4-7mA diode. 

Although these are the easiest current sources to 
apply, they are very expensive and, in fact, they consist 
of field effect transistors with their gate and source 
leads shorted together as described below. 

FIELD EFFECT DIODES 

The construction of an n-channel field effect transistor 
is shown diagrammatically in Fig. 4. The channel is a 
bar of n-type silicon with a resistance of a few hundred 
ohms. The drain and source leads are connected to the 








ends of the bar. Halfway along the bar, two p-type 
regions are diffused into opposite sides of the silicon bar. 
These are connected together to form the gate. 

Thus a diode is produced between the gate and the 
centre of the channel. This diode, when reverse 
biased, has a depletion region which increases in size 
as the reverse bias voltage is increased. The depletion 
region extends into the channel as shown in Fig. 4. 

Because the depletion zone contains almost no current 
carriers, the effective cross-sectional area of the channel 
through which current can flow is reduced and the 
resistance correspondingly increased when the gate 
diode is reverse biased. 

Consider what happens when the gate is connected 
to the source. When the drain-gate voltage is OV, the 
voltage across the gate diode is also OV and hence there 
is only a small depletion zone. As the drain voltage 
is increased, the drain current increases linearly at first 
because the small depletion zone has little effect on the 
channel resistance. 

However, as the current through the channel in¬ 
creases, a voltage is produced across the resistance 
of the channel between its mid-point and the source 
terminal. This reverse biases the gate diode and the 
consequent increase in the size of the depletion zone 
increases the channel resistance. 


PINCH-OFF 

Eventually, the depletion region extends over almost 
the entire area of the channel. At this point, any 
further increase in drain voltage has very little effect on 
the drain current because only a small increase in the 
size of the zone produces a large change in channel 
resistance. 

The area of operation in which the drain current is 
virtually unaffected by drain voltage is known as the 
pinch-off region. The knee voltage at which pinch-off 
occurs is of the order of a few volts for common 
f.e.t.s. The drain current, with gate and source con¬ 
nected together and the drain voltage large enough to 
produce operation in the pinch-off region, is represented 
by the symbol /dss and is typically l-20mA. 

The slope resistance of an f.e.t. current source with 
jz GS = OV as described above is approximately equal 
to the reciprocal of the low-frequency output admittance 
yos- 


Table 1: FIELD EFFECT TRANSISTOR 
PARAMETERS <pS = /imho) 


F.E.T. 

type 

Pbidss) 

/dss (mA) 

yos (f* s ) 

2N3819 

25V 

2-20 

50 

2N3823 

30V 

4-20 

35 

2N4304 

30V 

0-5-15 

50 

2N5459 

25V 

4-16 

50 

MPF105 

25V 

4-16 

50 

BF244 

30V 

2-25 

50 

BFW10 

30V 

8-20 

85 

BFW11 

30V 

4-10 

50 

BFW61 

25V 

2-20 

85 


At a voltage of about 25-40V, for low power f.e.t.s, 
avalanche breakdown occurs and the drain current 
increases sharply. This voltage is given the symbol 
Fb(dss). A table listing Kb/dss), /dss and yos for several 
common f.e.t.s is given in Table 1. It should be borne 
in mind that the value of yos given in the table is a 
maximum and.most f.e.t.s will have output admittances 
much lower than the listed values. 


EXTERNAL RESISTOR 

From the above description of the operation of the 
f.e.t. constant current source, it can be seen that if an 
external resistor is added between the source and gate 
leads as shown in Fig. 5, pinch-off will occur at a lower 
value of drain current. 

Fig. 6 is a graph of the variation ot drain current 
as the source resistor is altered for an MPF102 f.e.t. 
which had an /dss of 9-7mA. By using an external 
resistor the drain current can be set to any value 
between the leakage current and /dss- A variable 
resistor can be used to compensate for the wide 
spread in /, )SS which is found in f.e.t.s. 
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Fig. 6. Graph of current versus 
for the circuit in Fig 5 











One advantage of inserting a resistor in series with 
the source is that the slope resistance of the device is 
increased. This is because a change in channel 
current causes a change in the voltage across the 
resistor which alters the reverse bias on the gate. 
Obviously, for a given change in current, the voltage 
change is proportional to the resistance in series with 
the source. 

HIGH SLOPE RESISTANCE 

In applications where a very high slope resistance is 
required, the circuit shown in Fig. 7 can be used. In 
this circuit, the source resistor is replaced by an f.e.t. 
current generator which provides a high slope resistance 
in series with the source of TR1. 

For proper operation, the cut-off voltage V p of TR1 
should be greater than that of TR2. The slope 
resistance can be increased by one or two orders of 
magnitude using this technique. 

The temperature coefficient of drain current depends 
on the value of drain current, being negative at high 
currents and positive at low currents. At an intermediate 
value of drain current / D ( 0 ), the two effects causing 
these changes cancel and the temperature coefficient is 
approximately zero. The current at which this occurs 
is given approximately by: 

Zd(o) = y — 2 x /dss 

y AND h PARAMETERS 

It is often convenient to refer to the characteristics 
of transistors by means of y or A parameters. There are 
four A and four y parameters for each of the three basic 
transistor connections. 

The four y parameters describing a transistor 
operating in the common emitter configuration are: 
yie, yte, yre and y„e. The second subscript letter “e” 
refers to the fact that the transistor is in the common 
emitter connection. Similarly, “b” denotes common 
base, “s” denotes common source, etc. The first 
subscript letters refer to input, forward transfer, 
reverse transfer and output parameters respectively. 

Each “y” parameter is the ratio of a current to a 
voltage. Thus: 

yie is the input admittance (the ratio of input 
current to input voltage); 

v ? te is the forward transfer admittance, (the ratio of 
output current to input voltage); 
y re is the reverse transfer admittance (the ratio of 
input current to output voltage); 

Toe is the output admittance (the ratio of output 
current to output voltage). 

Whereas y parameters are all ratios of currents to 
voltages, different A parameters represent ratios of 
different quantities. Thus: 

hie is the input impedance (the ratio of input voltage 
to input current); 

hie is the forward current transfer ratio (the ratio of 
output current to input current); 

Are is the reverse voltage transfer ratio (the ratio of 
input voltage to output voltage); 
hoe is the output admittance. 

Although common emitter parameters have been 
quoted, the definitions are also valid for other con¬ 
nections. 


Of the six possible sets of parameters, only h and y 
parameters are widely used in transistor circuit analysis. 
If one set of parameters is known, any other set can be 
calculated quite easily. This means that the choice of 
parameters for a given application is largely a matter of 
convenience. 

The characteristics of bipolar transistors are usually 
described by h parameters and those of field effect 
transistors by y parameters. 

BIPOLAR TRANSISTORS 

A bipolar transistor in either the common base or 
common emitter configuration can also be used as a 
constant current source as shown in Fig. 8. Since the 
collector-base junction is a reverse biased diode, the 
current through it is only slightly affected by the voltage 
across it. 

The slope resistance in the common base connection 
is (Afe + 1) times larger than the slope resistance in 
the common emitter connection. The difference 
between common base and common emitter circuits 
lies in the resistances in series with the base and emitter 
leads. 

The circuit in Fig. 9 is a generalised common base 
or common emitter circuit. If R B = 0 and R E = oo 
the slope resistance is equal to the reciprocal of the 
low frequency common base output admittance A 0 b. 
In practice, provided that R E is more than a few kil- 
ohms, the slope resistance is not appreciably less than 
this value. If Ru = oo and R E = 0, the slope resistance 
equals 1/A 0 e. Then A oe and Arb are related by the 
equation: 

Aoe = Aob X (Afe + 1). 

With intermediate values of Rb and Re the slope 
resistance lies between these two values. For a 
BC108, Aob = lO-’/tS and A„ e = 3 x 10- 6 /tS. 

The circuit of a simple transistor constant current 
generator is given in Fig. 10. The base voltage is set 
to 4V by the potential divider across the supply. 

Since the BC184 is a silicon transistor, the emitter 
voltage is about 3-4V. Thus the emitter current is 
3 4V/6'8kfl = 500/<A and since a ~ 1, the collector 







current is also about 500/tA. Because the emitter 
resistance is 6-8kn, the slope resistance of this current 
source is very high. The knee voltage is about 4V. 

The major disadvantage of the circuit in Fig. 10 is 
that the current is approximately proportional to the 
supply voltage. To produce a more stable current 
source, R2 is often replaced by a Zener diode so that 
the base voltage, and hence thfe emitter voltage, is less 
affected by supply voltage variations. 

The temperature coefficient of this source depends on 
the temperature coefficients of the Zener diode and the 
base-emitter junction. If a Zener of about 4V is used, 
the temperature coefficients will cancel. 


IN INTEGRATED CIRCUITS 

Fig. 11 shows the circuit of an interesting transistor 
current source which is often used in integrated circuits. 
In this circuit, the base current for the transistor is 
supplied by part of the current through the resistor. 
The remainder of the current from the resistor flows 
through the diode. 

In an integrated circuit, since all the transistors 
and diodes are produced simultaneously on the same 
chip of silicon, the diode can be made identical to the 
base-emitter junction of the transistor. Because the 
diode and the base-emitter diode are connected in 
parallel, the voltages across the two are equal. Since 
the two diodes have the same characteristics, the 
currents through them (/d and /e) are also equal. 

The current through the diode comes entirely from 
the resistor but the emitter current in the transistor 
is provided partly by the resistor and partly by the 
collector circuit. In other words, 

Id - /e 
= Ip + /b 

The base current of the transistor is about one per 
cent of .the emitter current and can be neglected. With 
this assumption, it can be seen that the collector 
current of the transistor is equal to the current flowing 
through the diode. Because the base current is small, 
almost all of the current flowing through the resistor 


flows into the diode so that the collector current of the 
transistor is approximately equal to the current in the 
resistor. 

Circuits of this type have very low knee voltages, 
typically less than 0-5V. This circuit also has a very 
low temperature coefficient because the diode and 
transistor have equal temperature coefficients of voltage 
which cancel each other. 

The breakdown voltage of a transistor- current 
generator can be anything from 15 to 500V depending 
on the transistor employed. 

SOPHISTICATED CIRCUITS 

There are several more complex constant current 
circuits available which are used where high stability 
is required. The ring-of-two circuit shown in Fig. 12 
is often used as a precision current generator. It is a 
two-terminal current source because, unlike the 
transistor circuits described above, no extra supply 
voltage is necessary. 

The operation can be understood if it is considered 
as two constant current sources, the first consisting 
of Dl, R1 and TR1 and the second containing D2, R2 
and TR2. These sources are connected so that each 
one supplies a constant current to the Zener diode of 
the other. The knee voltage of the ring-of-two is 
rather high, and is equal to the sum of the Zener 
voltages of Dl and D2. 

Just as it is possible to construct regulated voltage 
power supplies, so regulated current supplies can be 
made. . , 

The current is usually measured by passing it through 
a resistor and comparing the voltage thus produced with 
a reference voltage to derive a control signal. This 
signal is then applied to a bipolar transistor or an f.e.t. 
which controls the current. A block diagram for such 
a scheme is shown in Fig. 13. ★ 


In the concluding part of this article next 
month, practical applications of constant current 
sources will be described. 








COMPONENTS... 


Resistors 
R1-R4 680 Cl (4 off) 

R5 150n 
R6 IkG 
All ±10% ±W carbon 
Capacitors 

C1.C2 I.OOOpF polystyrene (2 off) 

Diodes 

D1. D2 1N914 or any general purpose silicon 
diode (2 off) 

D3, D4, D6 TIL209 or similar light emitting diode 
(3 off) 

D5 5-1 V400mW Zener diode 

Integrated Circuit 

IC1 SN7400N Quad 2-input NAND gate 
Switches 

SI, S2 Push to changeover (1 pair normally 
closed, 1 pair normally open) (2 off) 

53 Push to changeover 

54 Miniature d.p.d.t. toggle 
Miscellaneous 

B1 9V PP4 battery 
0-1 in matrix Veroboard 2in x 1£in 
Diecast box 4±in x 2±in x lin 
35mm film cases (2 off) 

3-5mm jack plug and socket (2 off) 


ALLEN 


T here are many games in which contestants’ 
reaction times play a vital part; “snap” is an 
obvious example and a guessing game where the 
first contestant to press a button is allowed to 
answer is another. This simple unit has two push 
buttons and gives a positive indication (by lighting 
a lamp) of the button which is pressed first. 

CIRCUIT DESCRIPTION 

The circuit of the Electronic Snap is shown in 
Fig. 1. It makes use of a single digital integrated 
circuit type SN7400 which is available for less than 
20p. The indicators used are light emitting diodes 
which are simply diodes which emit light when for¬ 
ward biased. 

The SN7400 contains four nand gates. A nand 
gate is one whose output will only go to logic 0 if 
both inputs are logic 1. They are cross-coupled in 
the circuit so as to form two bistables, circuits which 
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Fig. 1. Circuit diagram of the Electronic Snap 














































ate stable in either of two states. When the reset 
button is pressed inputs to gates G1 and G3 are 
taken to logic 0 (less than 0-8V) through diodes D1 
and D2. The outputs of G1 and G3 must go to 
logic 1 regardless of the state of pins 13 and 5. 

Switches SI and S2 are open so the inputs on 
pin 1 of G2 and pin 10 of G4 are logic 1. Because 
the outputs of G1 and G3 are logic 1 it follows that 
all inputs to gates G2 and G4 are logic 1 so their 
outputs go to logic 0. The circuit will stay in this 
state even when S3 is released. 

Assume SI is now pressed. One input to G2 goes 
to logic 0, the output goes to logic 1 causing the 
output of G1 to go to logic 0 which, in turn, causes 
l.e.d. D3 to conduct and light up. Pin 5 of G3 is 
now held at logic 0 so even if S2 is pressed causing 
the output of G4 to go to logic 1 the output of 
G3 will stay at logic 1 keeping l.e.d. D4 off. 

POWER SUPPLY 

Power for the circuit is provided by a nine volt 


battery which is dropped down to the five volts 
required by the integrated circuit by the 150ft 
resistor R5 and Zener diode D5. 

One point that may be noticed is the connection 
of switches SI and S2. These are not connected so 
as just to ground the inputs to G2 and G4 but to 
provide a very short pulse which is enough to take 
the inputs to logic 0 but will not drain the battery 
if the switches are held down. 

The switches are connected as changeovers and 
the very short interval during which the capacitor 
charges is enough to momentarily take the output 
to ground. . 

CONSTRUCTION 

The bulk of the circuit is built on a small piece of 
Veroboard as shown in Fig. 2. Jack plugs are used 
to connect the switches to the main unit. The 
switches are mounted in 35mm film cases and the 
capacitors Cl and C2 are mounted on the switch 
contacts. 
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V. 


SCORPIO Mk.2 

IGNITION 

SYSTEM 

By D.S.GIBBS & I.M.SHAW 



S ince publication of the original Scorpio ignition 
system, about two and a half years ago, many 
requests have been received for a six volt version for 
use on cars and motor cycles with six volt electrical 
systems. 

It is, unfortunately, impractical to build a unit to 
operate on both 6V and 12V, so two units have 
been designed with differing component values, and 
a number of improvements have been made to 
reduce radio interference and improve tachometer 
triggering. Both units give substantially the same 
performance and can be used on either positive or 
negative earth cars by altering a few connections. 


the other. In the electronic system the spark cur¬ 
rent is bidirectional and of much shorter duration. 
This increases spark plug life and reduces the need 
for adjustment. 

CIRCUIT DESCRIPTION 

The circuit of both 12V and 6V versions is the 
same and is shown in Fig. 1. Transistor TR1 is 
not required for positive earth operation but it 
can be left in circuit if desired. This will enable the 
unit to be used on either positive or negative earth 
cars merely by changing a few connections. 


PERFORMANCE 

There has been a tremendous rise in interest in 
capacitor discharge ignition systems over the past 
few years and their advantages are now widely 
recognised. The main features are: 

(a) Easier starting from cold. The higher spark 
voltage and faster rise time enables it to fire wet 
or oiled up plugs. The electronic system can 
deliver twice the spark voltage of the conventional 
system into a load of 470kfi and 40pF—simulating 
a badly fouled plug. 

(b) -Smoother running at high speeds. Fig. 6 shows 
how the electronic system maintains an almost 
constant spark voltage up to 12,000 r.p.m. for a 
four cylinder engine (8,000 r.p.m. for six cylinder). 
This promotes better combustion at high speeds, 
eliminating misfiring and reducing the level of 
pollutants in the exhaust. 

(c) As a result of the improved combustion there is 
a small improvement in power and fuel economy. 

(d) The contact breaker will remain correctly 
adjusted for up to 20,000 miles. This keeps the 
car electrically “in tune”, with a consequent 
improvement in fuel economy. 

(e) Spark plug wear is reduced. In the conventional 
system the spark current is unidirectional and 
causes deposition of metal from one electrode to 
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Fig. 6. Graph showing the variation of output 
voltage with engine speed for conventional and 
capacitor discharge systems 


























Fig. 1. Circuit diagram of the 
12V version of the Scorpio 
Mk 2 capacitor discharge 
ignition system. 

Refer to blueprint for full 
constructional details 
Please note: R12 should be 1W 
(both versions). 

TR3 (6V) should be BFS97 or 
ZTXS50. 


The circuit operates as follows (assuming nega¬ 
tive earth operation with tag 9 earthed and the 
contact breaker connected to tag 8): 

With the contact breaker closed TR1 is saturated 
and its collector voltage is close to the positive rail. 
When the contact breaker opens TR1 turns off and 
Cl is rapidly charged by R3 and diode Dl. This 
brings TR2 hard on, its collector voltage rises to 
the positive rail and this positive pulse fires the 
thyristor CSR1. At the same time TR3 is reverse 
biased by C3 and remains cut off for about 0-3 
milliseconds. This removes the bias from the 
inverter and prevents the thyristor from latching on. 

When the contact breaker points close again TR1 
turns hard on, but TR2 remains on for about 0-3 
milliseconds—until Cl has discharged through R4 
and R5. This effectively prevents contact bounce 
from retriggering the thyristor at the wrong time. 
Further noise immunity is provided by C2 and C3, 
which take about one millisecond to recharge fully 
after TR2 turns off. 

Transistors TR4 and TR5, with the ferrite cored 
transformer Tl, form a very efficient push pull 
inverter oscillating at about 2kHz. The 400 volt a.c. 
output is rectified by diodes D3 to D6 and charges 
up the energy storage capacitor C6 in about 1-5 
milliseconds. When the thyristor fires this charged 
capacitor is thrown directly across the primary of 
the ignition coil. The primary voltage immediately 
rises to 400V and this is stepped up to 20 to 30kV 
at the secondary, forming an arc between the plug 
electrodes. 


CONSTRUCTION 

The unit is constructed in a l\in x 4|in X 2in 
diecast box, which acts as a heatsink for TR4, TR5, 
and the thyristor. Most of the other components are 
mounted on the printed circuit board shown in 
Figs. 2 and 3. 

Connections to the board are made via turret tags, 
or the wires can be soldered direct to the board. If 
turret tags are used they should be expanded with 
a centre punch after insertion, to lock them in place, 
and then soldered. 


COMPONENTS 

The diodes, transistors and resistors are all readily 
available. Capacitors Cl to C3 are not critical but 
Mullard type C280 miniature foil types are used in 
the prototype. The ImF 440V a.c. rated capacitor 
(C6) is available from many of the advertisers in 
P.E. The Siemens thyristor is available from A. M. 
Marshall and Electrovalue who also supply the 
Siemens pot core. The address of a supplier for the 
printed circuit board is shown in the components 
list. The total cost of the unit is around £8-50. 

TRANSFORMER CONSTRUCTION 

Details of suitable cores and bobbins are given 
in the parts list and winding details in Fig. 4. Both 
types are very similar and give substantially the 
same perormance. 



A P.E. BLUEPRINT FEATURE 








































12V version ASSEMBLY 


First wind on 400 turns of 34 s.w.g. enamelled 
wire in eight neat layers—taking care not to cross 
adjacent turns. Insulate the lead out wires with thin 
sleeving and insulate the whole winding with four 
turns of thin insulating tape. Then wind on 12 4- 
12 turns of 20 s.w.g. bifilar (i.e. two wires wound 
together), and lastly 3 4-3 turns of 30 s.w.g. bifilar. 
Put coloured sleeving on the wires for identification 
and to protect them from abrasion against the core 
and insulate the whole coil with several more turns 
of insulating tape. 

It is a good idea to join the two ferrite cups with 
a very thin smear of Araldite to prevent the core 
from making an objectionable whine, but test the 
transformer before doing this as it will be impos¬ 
sible to separate the core afterwards. 


6V version 

As above, but with a secondary of 300 turns of 
34 s.w.g., a primary of 6 4- 6 turns of 18 s.w.g. and 
a feedback winding of 3 4- 3 turns of 30 s.w.g. 


Drill the box as shown in Fig. 7, taking special 
care to deburr the holes for TR4, TR5, and the 
thyristor. Mount TR4 and TR5 with mica washers 
and insulators as shown in Fig. 5 and the trans¬ 
former T1 with a 2BA bolt and spring washer. The 
stand-off insulator, and capacitor C7 can now be 
fixed in place and most of the inverter circuit wired 
up. Filter LI is fixed with a |in “p-clip” bolted to 
the case. 

Assemble the printed circuit board and mount 
with 6BA bolts and fin spacers. Then mount the 
thyristor with a mica washer and a ,4BA nylon bolt. 
It should be possible to solder the gate and cathode 
leads of the thyristor directly to tags 11 and 4 
respectively on the printed circuit board. 

It is advisable to fix down the large capacitor C6 
either by tying or by gluing as the considerable 
vibration puts a great strain on the capacitor leads. 

Wire up the circuit as shown in Fig. 5 with 
14/0076 connecting wire and mount a six-way 5 amp 
connector block on the outside of the box for the 
external connections. Fit two plastic covers to the 
power transistors to prevent accidental short circuits. 









































Photograph showing the 
completed Scorpio Mk 2 
ignition system 


T1 



CSR1 


TESTING 

Before the unit is installed in the car a few 
simple tests should be performed to ensure that it 
is operating correctly. 

Temporarily disconnect the anode of the thyristor 
and connect the car battery to terminals E and F 
on the connector block, via a 2 amp fuse. The unit 
should be heard to “sing” immediately and 400V 
d.c. should appear between tags 1 and 4 on the 
p.c.b. (6 volt system—300V). 

If the inverter has been wired incorrectly it will 
probably fail to oscillate at all, but if one base 
winding has been connected the wrong way round 
the inverter can oscillate on one transistor only. 
Under these conditions high voltage spikes are pro¬ 
duced and up to 800V may appear across tags 1 
and 4. 

INSTALLATION 

Positive earth 

The wire or wires connected to the SW or ” 
terminal of the ignition coil should be connected to 
terminal F on the unit instead, and the SW terminal 
of the coil connected to terminal A. Connect the 
CB or “ + ” terminal of the ignition coil to B, the 
contact breaker to C, and a good earth from the car 
body or the positive battery terminal to E. 

Negative earth 

Disconnect the wire or wires to the “ + ” terminal 
of the ignition coil and connect them instead to E 
on the unit. Connect the “+” terminal of the coil 
to B and the ” terminal of the coil to A. Connect 
the contact breaker to D and a good earth to F. 

Cold start coils 

Some cars are fitted with a cold start coil, con¬ 
sisting of a low voltage coil with a series ballast 
resistor. The ballast resistor is usually connected to 
one of the- terminals of the coil, but may take the 
form of a resistance cable. It does not make any 
significant difference to the spark produced by the 
unit if the resistor is left in series with the coil, 
but ensure that the supply current for the unit does 


not flow through the resistor as there will then be 
a considerable loss of voltage. In all cases the con¬ 
nection between the starter solenoid and the coil 
must be removed. 


SEALING 

When the unit is completed and tested and opera¬ 
tion is satisfactory the box should be waterproofed 
to prevent any dampness getting into the electronics. 
This can be done either using ignition system water¬ 
proofing aerosol available under names such as 
W.D. 40 or “Coldstart”, or bath caulking compound. 
Make sure the grommet holes are sealed as well. 

PRECAUTIONS 

Because of the very high open circuit voltage pro¬ 
duced by this unit never attempt to remove the 
spark plugs whilst the engine is running, since not 
only is there a danger of breaking down the insula¬ 
tion of the coil, but the experimenter stands a good 
chance of getting a nasty shock. 

In addition the thyristor can be exposed to tran¬ 
sient voltages of up to 1,000V under these condi¬ 
tions, and may be destroyed. 

TACHOMETERS 

There are a large variety of tachometers in use, 
all differing in their exact requirements, so some 
experimental work may be necessary to obtain the 
best results. 

There are two possible connection points for 
current operated tachos (the most common type). 
The lead from the ignition coil to terminal A on 
the unit carries a 10 amp short duration pulse and 
the lead to terminal E (negative earth) or terminal 
F (positive earth) carries a wider pulse of 4 amps 
amplitude. In both cases try coupling the wire 
through the tacho pickup both ways as the polarity 
of the pulse may be important. 

Regarding voltage operated tachos, the high volt¬ 
age type should operate if connected to terminal B 
on the unit whilst a low voltage type can be left 
connected to the contact breaker. If in doubt, try 
both positions. ★ 


.... never attempt to remove spark plug leads while engine is running 







NEGATIVE IONS AGAIN 

It seems only recently that we 
were chatting about the effects 
that charged atoms and molecules 
appear to have on us, other 
animals, and plant life. Since then 
I have read a number of quite 
serious repdrts about these “ionic 
beasties” and, indeed, discovered 
in addition that the people at the 
University of California actually 
have a faculty there which deals 
with the subject! 

To refresh your memory about 
ions; generation of airborne ions 
all begins when sufficient energy 
is transferred to a gaseous mole¬ 
cule causing it to release an 
electron. This electron then 
"climbs aboard" any nearby mole¬ 
cule causing it, in turn, to become 
charged and in all likelihood con¬ 
vert to a negative ion (by virtue 
of the charge carried by the elec¬ 
tron). The first molecule, however, 
has, in the process, turned into a 
positive ion. Umpteen of these 
molecular collisions occur, with 
the result that whole layers of 
species exist having either an 
overall positive or negative charge. 

That, though, is by no means, 
the end of the story. Water mole¬ 
cules, too', get in on the act and 
jostle for position around indivi¬ 
dual ions, so forming somewhat 
larger ions. 

According to Profesor A. Krue¬ 
ger of the University, mentioned 
earlier, these slightly larger (albeit, 
still tiny) molecules are of four 
types, namely H + (H,0)„, KH.,0) + 
(H 2 0) n , 0 2 -(H 2 0) n , and one with 
a hydroxyl group attached having 
the formula 0H-(H,0) n . The n in 
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the formulae has quite a small 
value. 

Apparently, negative ions are 
the more mobile, when compared 
with the positive variety, and, since 
the Earth itself carries a negative 
charge, the former are repelled 
from the surface of the ground. 

According to the experts, nega¬ 
tive ions are decidedly the "good 
guys”, which bears out our earlier 
thoughts on the subject. Unfortu¬ 
nately, the positive (“bad guys") 
are in the majority by something 
like a factor of 1-2 to 1. Pollution, 
additionally, helps to keep this 



ratio looking nasty, because, as 
you will recall, atmospheric dust 
has the habit of discharging any 
negative ions with which it comes 
in contact. 

At the present time we can only 
produce (and successfully main¬ 
tain) relatively small quantities of 
the beneficial ions; i.e., in build¬ 
ings, or in cubicals where the size 
of the generator/transmission net¬ 
work can be kept within reason¬ 
able bounds. However, there ought 



to be sufficient encouragement 
for contemplating some really big 
set-ups. For example, plant growth 
has been caused to increase by 
as much as 50 per cent as a 
result of moderate exposure to air 
ions. Silkworms, too, hatched out 
earlier and larval growth was also 
accelerated. On the other hand, 
positive ions have been shown to 
increase the death rate among 
mice suffering from influenza! 

In the final shakedown, it is 
worthy of mention that negative 
ions are suspected of lowering the 
blood serotonin (5-hydroxy trypta- 
mine, 5HT) level, and since this 
is a hormone which, among other 
things, appears to be connected 
with the facilitation of neural sig¬ 
nals across the synaptic junctions 


between nerves, it is not surpris¬ 
ing to learn that high negative ion 
counts can result in profound 
mental effects. These may range 
from clearer headedness to a kind 
of tranquillity. 

No amount of persuasion has yet 
encouraged my editor to change 
his mind about putting a taboo on 
a special high-voltage negative 
ion generator I intended to 
include. It could no doubt, be 
lethal in the wrong hands, so I 
guess his decision is the right 
one! 


MAGNETO-CHEMISTRY 

Still on the subject of, chemy’s, 
I notice that R. Skorsky of the 
Alabama University has discovered 
an interesting effect in ferric oxide, 
Fe 2 0 3 . Haematite, for that’s it’s 
other name, can, according to him, 
be reduced at much lower tem¬ 
peratures than previously achieved 
by simply surrounding the sample 
in an a.c. field of a few hundred 
gauss. 

Skorsky has a theory that the 
cause of this effect is due to the 
increased pressure of hydrogen at 
the surface of the material result¬ 
ing from its attraction to the mag¬ 
netised iron (due to initial reduc¬ 
tion of some of the ferric oxide at 
the beginning of the reaction). 

Interestingly enough, C. Peters, 
over here, at the University of 
Surrey seems to think that the 
effect can be expected. His pro¬ 
posal amounts to the fact that 
since there is a considerable dif¬ 
ference in the magnetic properties 
of the non-reduced material and 
final product, and because the re¬ 
action is going in a “direction” 
which favours a ferromagnetic sub¬ 
stance as an end result, anyway, 
the outcome will be an increased 
tendency towards production of a 
magnetic material when a field of 
sufficient intensity is available. 
Sounds reasonable! 


TAILPIECE 

Washington, you’d think, had re¬ 
ceived its share of trouble. But it 
would seem the wags haven’t 
finished with ’em yet. Only yester¬ 
day I came across this odd bit of 
logic. 
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By B. BOWLES 


It is often necessary, particularly in radio circuits, 
I to check for the presence of high frequency 
oscillations but most amateurs do not possess test 
equipment capable of responding to frequencies 
greater than a few megahertz. The probe described 
here will respond to frequencies between 200Hz 
and 30MHz, allowing use in general a.c. signal 
tracing. Any a.c. of a few millivolts or more will 
light a small light emitting diode (l.e.d.). The whole 
instrument can be held in one hand. 

CIRCUIT DESCRIPTION 


Thus an a.c. input will cause TR2 to conduct and 
hence pass more current through the l.e.d. The 
resistor in parallel with the l.e.d. allows enough 
current to pass through the transistor to keep the 
diodes conducting and the resistor in series limits 
the maximum l.e.d. current to less than 10mA. 

The circuit'is so stable that the battery voltage 
can fall to 7V without affecting performance. 


The complete circuit is shown in Fig. 1. Tran¬ 
sistors TR1 and TR2 form a high gain a.c. amplifier 
which also rectifies the signal to drive the l.e.d. 
(D2). The configuration is known as a d.c. feed¬ 
back pair. TR1 is biased just into conduction by 
feedback from the emitter of TR2. The preset 
potentiometer VR1 is used to set the d.c. conditions 
for the circuit. Components R5 and C2 and C3 
form a filter which reduces the a.c. feedback so that 
the a.c. gain of the circuit is not reduced. 

The input impedance is roughly equal to the value 
of R2 since C2 and C3 form a low impedance path 
for a.c. C3 is used to compensate for the inductive 
effect of C2 at high frequency. Diode D1 protects 
the input from negative voltage swings. 

RECTIFICATION 

The diodes in the emitter of TR2 serve to rectify 
the signal in the following manner. When the input 
swings positive TR1 will conduct tending to lower 
the voltage at TR2 base and by emitter follower 
action at TR2 emitter as well. The diodes cease 
to conduct and the voltage at TR2 emitter drops 
causing the current fed back to TR1 to drop, 
counteracting the effect of the positive input. If, 
however, the input goes negative, TR1 will conduct 
less causing TR2 base to rise. The diodes will, 
however, maintain the voltage at TR2 emitter almost 
constant so there will be no negative feedback to 
the base of TR1. . 

The circuit thus has high gain when the input 
goes negative but low gain when it goes positive. 


COMPONENTS... 


R1 4-7kO R4 1-2kO 

R2 4-7kQ R5 4-7kO 

R3 1200 

All ±5% ±W carbon 


Potentiometer 

VR1 5kO linear sub-miniature skeleton horizontal 
mounting 


Capacitors 

Cl 0-22ftF 

C2 10*iF 6-3V tantalum bead 
C3 I.OOOpF ceramic 
C4 47/iF 10V elect. 


Diodes 
D1 1N4148 

D2 TIL209 light emitting diode 
D3 OA91 
D4 1N4148 


Transistors 

TR1/TR2 


BC107 


BFY90 (2 off) 


Miscellaneous 

SI Push-to-make, release-to-break push-button 
B1 9V PP3 battery 
Veroboard 0-1 in matrix 2in x 0-9in 
Veropins, 6BA and 8BA nuts and bolts and 
washers, wire, suitable case (see text) 
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A.C. 

DETECTOR 

PROBE 


Fig. 1. Circuit diagram of the A.C. Detector Probe 
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CONSTRUCTION 

The circuit for the A.C. Detector Probe can be 
made very compact so that the whole unit can be 
held in the hand, making it convenient for testing 
equipment. All the components except the capacitor 
Cl are mounted on a small piece of Veroboard as 
shown in Fig. 2. Veropins are used for wire con¬ 
nections to the board. The l.e.d. is mounted on two 
pins higher than the rest of the board so that it 
shows through the side of the probe case. Take 
care not to overheat the l.e.d. when soldering. 

Only one end of Cl is connected to the board. 

SETTING UP 

Before mounting in the case VR1 must be set up. 

Connect the battery to the board. The l.e.d. 
should light with VR1 at one end of the track and 
extinguish at the other end. If the l.e.d. dims but 
does not go out, TR1 has low gain and should be 
replaced. 

VR1 should be adjusted so that with no input 
D2 is just faintly lit. Any a.c. input with a frequency 


Photograph showing the construction of the 
A.C. Detector Probe before assembly 





of 200Hz to 10MHz should now cause the l.e.d. to 
light. 

The l.e.d. should flash each time the power is 
applied, this being due to the charging of C2. 

CASE CONSTRUCTION 

The prototype case was made from an empty 
butane lighter fuel container of medium size but 
any aluminium tube will do. Great care should be 
taken that there is no gas left in the container. 

First pierce the container about five inches from 
the tip or nozzle. This should be done well away 
from naked lights, preferably outdoors. Then cut 
the case into three parts as shown in Fig. 2. 

Do not drill the holes yet. After the cutting and 
any necessary smoothing of the edges, the body of 
the probe, the end cap and a 19mm ring remain. 
This ring should be cut with scissors, its ends 
overlapped and then pushed into the probe body. 
Mark the overlap, remove the ring and cut off the 
overlap so that when re-inserted into the tube it 
fits with the ends butted together. , The ring can 
now be glued into the body leaving about 6mm pro¬ 
truding from the body. 

END CAP 

This now makes a push-fit seating for the end 
cap, and provided the cuts have been made square 
gives the probe a good appearance. 

The end cap should now be pushed on and held 
with adhesive tape and the holes drilled. 

The holes in the end cap should now be enlarged 
into slots so that the end cap can slide over the 
two bolts which secure it. A hole is also drilled 
in the end cap to take the push button switch. 

The plastic insert in the front of the tube should 
also be enlarged to 3mm. 

FINAL ASSEMBLY 

The free end of Cl is soldered to the head of a 
12mm 6BA bolt. The solder tag on the mounting 
bolt should be soldered to the negative line on the 
board. The battery is then connected up. Some 
insulating tape is stuck inside the tube in case the 
circuit should touch, and the board pushed in making 
sure that the bolt on Cl goes through the end of 
the tube. The battery is then pushed in with a 
piece of card between it and the board to stop 
the metal case shorting the board. 

The end cap is now fitted and nuts fitted to the 
bolts holding the end cap and the probe bolt. 
Attachment of the earth lead and crocodile clip com¬ 
pletes the unit. 


USE AND APPLICATIONS 

The A.C. Detector Probe is very sensitive and its 
frequency response extends up to several megahertz. 
If high voltages are to be measured a resistor can 
be connected to the probe bolt to act as an 
attenuator. 

Bandwidth can be extended by eliminating D1 
and replacing TR1 and TR2 with BFY90 transistors 
which give high sensitivity up to about 70MHz. 
Above this frequency the l.e.d. may actually dim 
when connected to a.c. this being due to phase shift 
causing the normal rectifying action to be reversed. 
This is just as valid an indication of the presence 
of a.c. ★ 
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The Sinclair Cambridge... 
no other calculator is so powerful 
and so compact. 

Complete kit-£24-95! 


The Cambridge - new from 
Sinclair 

The Cambridge is a 
new electronic 
calculator from Sinclair, 

Europe's largest 
calculator manufacturer. 

It offers the power to 
handle the most complex 
calculations, in a 
compact, reliable package. 

No other calculator can 
approach the specification 
below at anything like the 
price-and by building it 
yourself you can save a 
further £5-50! 

T ruly pocket-sized 
With all its calculating 
capability, the Cambridge 
still measures just 
4i"x 2" Xts". That means 
you can carry the Cambridge 
wherever you go without 
inconvenience - it fits in your 
pocket with barely a bulge. It 
runs on ordinary U16-type 
batteries which give weeks of 
life before replacement. 

Easy to assemble 
All parts are supplied-all you 
need provide is a soldering iron 
and a pair of cutters. Complete 
step-by-step instructions are 
provided, and our service department 
will back you throughout if you've any 
queries or problems. 

Total cost? Just £27-45! 

The Sinclair Cambridge kit is supplied to you 
direct from the manufacturer. Ready 
assembled, it costs £32-95-so you're 
saving £5 -50! Of course we'll be happy to 
supply you with one ready-assembled if 
you prefer - it's still far and away the best 
calculator value on the market. 


Features of the Sinclair 
Cambridge 

•If Uniquely handy package. 

44" x 2" x 44", weight 34 oz. 

Standard keyboard. All you 

needforcomplex calculations. 

XClear-last-entry feature. 

-X-Fully-floating decimal point. 

* Algebraic logic. 

* Four operators (+,—,x,-f), 
with constant on all four. 

XConstant acts as last entry 
in a calculation. 

-^-Constant and algebraic 
logic combine to act as a 
limited memory, allowing 
complex calculations on a 
calculator costing less 
than £30. 

XCalculatesto8 
significant digits, with 
exponent range from 
10‘ 20 to 10 79 . 

XClear, bright 8-digit 
display. 

XOperates for weeks on 
four U16-type batteries. 
(MN 2400 recommended.) 
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A complete kit! 


The kit comes to you packaged in a 
heavy-duty polystyrene container. It 
contains all you need to assemble 
your Sinclair Cambridge. 

Assembly time is about 3 hours. 
Contents: 

1. Coil. 

2. Large-scale integrated circuit. 

3. Interface chip. 

4. Thick-film resistor pack. 

5. Case mouldings, with buttons, 
window and light-up display in 
position. 

6. Printed circuit board. 

7. Keyboard panel. 

8. Electronic components pack 
(diodes, resistors, capacitors, 
transistor). 

9. Battery clips and on/off 
switch. 

10. Soft wallet. 



This valuable book - free! 

If you just use your Sinclair Cambridge for 
routine arithmetic - for shopping, 
conversions, percentages, accounting, 
tallying, and so on -then you'll get more 
than your money's worth. 

But if you want to get even more out of it, 
you can go one step further and learn 
howto unlock the full potential of this 
piece of electronic technology. 



out complex calculations. 


iinczlE 


Sinclair Radionics Ltd. London Road, 
St Ives, Huntingdonshire 
Reg. no: 699483 England 
VAT Reg. no: 213 8170 88 
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Why only Sinclair can make you this offer 

The reason's simple: only Sinclair - Europe's largest electronic calculator 
manufacturer- have the necessary combination of skills and scale. 

Sinclair Radionics are the makers of the Executive -the smallest electronic 
calculator in the world. In spite of being one of the more expensive of the small 
calculators, it was a runaway best-seller. The experience gained on the Executive 
has enabled us to design and produce the Cambridge at this remarkably low price. 
But that in itself wouldn't be enough. Sinclair also have a very long experience of 
producing and marketing electronic kits. You may have used one, and you've 
almost certainly heard of them - the Sinclair Project 60 stereo modules. 

It seemed only logical to combine the knowledge of do-it-yourself kits with the 
knowledge of small calculator technology. 

And you benefit! 

Take advantage of this money-back, no-risks offer today 

The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and 
we'll refund your money without question. All parts are tested and checked before 
despatch - and we guarantee a correctly-assembled calculator for one year. 
Simply fill in the preferential order form below and slip it in the post today. 

Price in kit form: £24 95 + £2 50 VAT. (Total: £27 45) 

Price fully built: £29 95 + £3 00 VAT. (Total: £32 95) 














CRYSTAL CAURfflNN 


by .A. Penfold 


T he purpose of a crystal calibrator is to provide 
signals at standard frequencies over the medium 
and short wavebands, in order to allow accurate 
calibration of a radio receiver dial. 

Providing the output from the calibrator is nearly 
a square wave it will be rich in harmonics (i.e. 
multiples of the fundamental frequency). A good 
calibration oscillator of fundamental frequency 
200kHz will have harmonics which are reasonably 
strong right up to the upper limit of the short wave 
band (30MHz). 

Using a crystal means that the fundamental 
frequency is predetermined, and extremely stable 
with respect to time and temperature. 

In order to allow the signal to be easily identified 
on a receiver an audio oscillator has been included 
to modulate the r.f.»signal. 


CIRCUIT DESCRIPTION 

The full circuit diagram is shown in Fig. 1 and 
can be seen to be divided into two sections, the 
audio oscillator and the crystal controlled r.f. oscil¬ 
lator. The active elements used in the unit are 
contained in two integrated circuits type ^L914 
whose internal circuits are shown in Fig. 2. 

The /x L914 is intended for use in logic systems 
and is one of the family of Resistor Transistor Logic 
(RTL) circuits. It can be adapted for use as an 
amplifier by inserting a biasing resistor between the 
collector and the existing base resistor of one of 
each pair of transistors and ignoring the other, thus 
forming two, one-transistor amplifiers from each i.c. 


CRYSTAL OSCILLATOR 

A crystal has the property that at one particular 
frequency (known as the series resonant frequency) 
its impedance (resistance to current flow) becomes 
very low while at all other frequencies its impe¬ 
dance is high. 

In the oscillator circuit used in the calibrator the 
two, one-transistor amplifiers in the /*L914 are con¬ 
nected in series via the crystal and the capacitor C6. 

At the series resonant frequency the impedance of 
the crystal is sufficiently low for the positive feed¬ 
back between the two stages to maintain oscillation. 


Because of the large positive feedback the switching 
between the two states (transistor on and transistor 
off) is rapid so that the output is almost square pro¬ 
ducing the large number of harmonics required. The 
200kHz crystal used in the prototype gave enough 
harmonics to cover the long and medium bands. 

AUDIO OSCILLATOR 

The other i.c. and its associated components form 
an audio frequency oscillator with a frequency of 
about 2kHz. When applied to the crystal oscillator 


COMPONENTS... 


Resistors 

R1 2-2kA 
R2 47kA 
R3 2-2kA 
R4 100kA 
R5 100kA 
R6 33kA 
R7 470A 
R8 100kA 
All ±10% i watt 


i»apacnors 

Cl 0'1/xF\ 
C2 O’lftFJ 
C3 120pF 


ceramic 

12dp< 

C4 0-047>iF ceramic 
C5 100ftF 10V elect. 
C6 2,700pF 
C7 0 01 ,iF 


Integrated Circuits 

IC1, IC2 /±914 or equivalent (2 off) 

Crystal 

XL1 200kHz crystal with holder (Henry's Radio 
type FT241 A) 

Miscellaneous 

SI 4-pole 3-way rotary 
B1 9V battery type PP4 with clips 
SKI Coaxial panel mounting socket 
2-8in x 1-4in Veroboard 0-1in matrix 
Aluminium case approx. 4in x 3±in x 2in 
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via R6 it varies the amplitude of the r.f. signal so 
that an audio signal of 2kHz will be heard when 
the receiver is tuned correctly. 

The two amplifiers in the i.c. are connected in 
series to form an amplifier whose output is in phase 
with its input. The components Cl, R1 and C2, R3 
form what is known as a Wien Bridge, and it is 
these components that determine the frequency. 

The switch therefore has three positions, OFF, 
OSC which gives the unmodulated crystal frequency 
and MOD which gives this frequency modulated by 
the oscillator. 

Resistor R7 and capacitor C5 are included to 
reduce the supply voltage down to the 5V required 
by the i.c.s. 


CONSTRUCTION 

Construction is simple, all the components except 
the crystal, switch and output socket being mounted 
on a piece of Veroboard as shown in Fig. 3. 

Any small aluminium case will do providing it is 
of sufficient size to accommodate all the components. 
It is wise to obtain a socket with the crystal as 
soldering to it directly could cause damage. A small 
bracket to hold the crystal can be mounted on the 
side of the box as can be seen in the photograph. 

The switch used in the prototype is a four-pole 
three-way type with only two poles used. 


USING THE CALIBRATOR 

Once the unit has been completed, and all wiring 
checked for mistakes, a length of lead should be 
connected to the output socket and the unit turned 
on. 

If the lead is now placed near a medium wave 
radio receiver, and the receiyer is tuned over the 
band, strong signals from the calibrator should be 
received at intervals across the dial. Switching on 
the modulation should produce an audible note on 
these signals. 

Using a 200kHz crystal, harmonics will be 
generated at 600kHz, 800kHz, 1MHz, l-2MHz, and 
l-6MHz. To find out which is which the receiver 
should be tuned to a known frequency (say Radio 1 
on 1-214MHz) then the dial turned until the nearest 
signal from the calibrator is received (in the case 
above this will obviously then be l-2MHz). Other 
frequencies can then be ascertained by counting the 
number of harmonics above or below the known 
f-quency, as each corresponds to a difference of 

This method of identification can be used on any 
band where the exact frequency of a station is 
known. i 



OPTICAL COMMUNICATION SYSTEM 


T he circuit described here is for a novel com¬ 
munication system using light beams to carry 
audio signals. Light emitting diodes (l.e.d.s) are par¬ 
ticularly suitable for producing modulated light 
beams as they produce an intense concentrated spot 



BOILER GAS VALVE OPERATION AT LOwl 
D.C. 


P erhaps the enclosed circuit idea would be of 
interest to your readers in view of impeding 
power cuts this winter. It allows a gas boiler 
mains operated gas valve, to be operated from a 
low voltage d.c. supply. The circuit has low battery 
consumption and low break current to minimise 
thermostat contact erosion. 

I hesitate to recommend exact component values 
as the circuit was developed hurriedly to be ready 
for power cuts. In addition it was intended to run 
from a car battery so I did not bother to optimise 
the oscillator circuit or the capacitor and charge 
resistor values for minimum consumption. 

I used an available Ferroxcube in the oscillator 
circuit and I do not know the exact turns ratios. 
I do not know how much variation exists between 
individual gas valves so that some experimentation 
by readers will therefore be required in both these 
areas. 

Fig. 1 shows the circuit where R1 and Cl are 
included to prevent possible radio interference. 

In operation, SI is first closed charging C5 to 
about 120V. After a minute or so S2 is operated. 
The charge on C5 operates the gas valve, the voltage 
of which is prevented by D1 from falling much 
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of light, have a linear current/light output relation¬ 
ship, and have a good high frequency response (the 
type of l.e.d. with a plastic diffusing dome is not 
suitable for use in this circuit). 

The circuit shown in Fig. 1 will modulate the light 
from the l.e.d. using a cystal microphone or a loud¬ 
speaker output. IC1 acts as an a.c. amplifier with an 
input impedance of about lMfl. R1 and R2 are bias¬ 
ing resistors and together with IC1 and TR1 they 
produce a d.c. of 30mA in the l.e.d. VR1 and C2 
control the a.c. feedback causing the input signal to 
be amplified and superimposed upon the bias. 

To obtain the maximum range from the trans¬ 
mitter the optical system must be efficient. Either 
a convex lens or a concave mirror as shown in Fig. 
2 can be used to convert the l.e.d. output into a 
parallel beam. 

For efficient reception the light collecting area 
must be large; the author used a large concave make¬ 
up mirror costing 40p, but better quality mirrors will 
give better results. 

The received light is concentrated onto a sensitive 
photo-Darlington transistor as shown in Fig. 3. 


PLASTIC BOTTLE 





Fig. 2. Typical optical system for the transmitter 


Because the transistor is so sensitive the load resistor 
must be low to prevent saturation in daylight con¬ 
ditions. 

At short range the signal across the load resistor 
is adequate to drive a crystal earpiece, though for 
longer range an a.c. amplifier and a loudspeaker are 
needed. The phototransistor output impedance is lkO 
and most commercially available audio amplifiers 
are suitable. 

The overall distortion is quite low, speech being 
excellent and music quite acceptable. The main cause 
of interference is mains lighting but this can be 
minimised by careful design of the optical system. 

Transmitter and receiver must be accurately 
aligned and the transmitter gain should be carefully 
adjusted by means of VR1 to give maximum modu¬ 
lation without clipping. Clipping causes obvious dis¬ 
tortion and is easily recognised. 

J. N. Jones, 
Cheshire. 



below the battery voltage. When the thermostat cuts 
out C5 recharges ready for the next operation. 

C4 was included to adjust the charge rate of C5; 
it obviously affects the oscillator also and should 
not be needed in a fully developed design. D1 and 
D2 should have a minimum p.i.v. of say 200V and 
400V respectively. E>3 and D4 can be any silicon 
diodes. 


I found that my Potterton boiler gas valve in¬ 
cluded a rectifier and that it closed at about 70V 
d.c. and held in at voltages below 11V. The con¬ 
sumption was about 2mA at 12V d.c. 

For better economy of operation, a switching 
circuit might perhaps be devised to switch off the 
oscillator when the gas valve is energised but I have 
not tried this. 


C. J. Collins, 

























SLOW TIMEBASE OSCILLATOR 



Fig. 1. Circuit diagram of the slow timebase oscillator 


T he sawtooth generator shown in the circuit 
diagram Fig. 1 was designed to extend the time- 
base range of a general purpose oscilloscope down 
to 1Hz. As well as the linear sawtooth with fast fly¬ 
back, there is provision for an external synchronising 
signal and flyback blanking output. 

The timing capacitor Cl of the relaxation oscil¬ 
lator, TR2, is charged by a constant current source 
from TR1. The base potential of TR1, controlling 
the constant current, is derived from the divider 
network Rl, VR1 and R2. The Zener diode across 
the divider keeps the voltage at a constant level. 

Since the sawtooth output at the emitter of the 
unijunction is at high impedance, the output is fed 
to an emitter follower to buffer the output against 
possible low impedance loads. The output should, 
however, not be taken to loads of less than 20kQ 
impedance. 

The synchronising input has a constant input 
resistance of 2M12 and a portion of the signal is 
taken to an emitter follower via VR2 and C2. The 
effect of the emitter follower output is to modulate 
the supply voltage to the unijunction in step with 
the sync signal so that the sawtooth tends to be 
locked in frequency to the sync signal or a multiple 
thereof. 


For adequate synchronisation even at the lowest 
frequencies, the input impedance of the emitter 
follower must be greater than the reactance of the 
capacitor at the lowest frequency. 

The voltage rating of C2 should be sufficient to 
block the highest d.c. voltages likely to be 
encountered. 

Adequate sync is available with a 0-3 to IV r.m.s. 
input, but if higher voltages are used a diode should 
be wired as shown dotted, see Fig. 1, to prevent 
transistor emitter/base breakdown. 

The frequency range of the oscillator is 1 to 60Hz, 
but could be extended up to 20kHz by varying the 
value of the timing capacitor Cl. Capacitor Cl 
should be a low leakage type to ensure good linearity 
at low frequencies. 

One of the many applications would be to use 
the oscillator for monitoring heart pulses in con¬ 
junction with the “Biological Amplifier” published in 
the January and February 73 issues (no back issues 
available). Care should be taken to ensure that the 
output from the Bio-amplifier is a.c. coupled to the 
vertical input of the monitoring ’scope. 

M. H. George, 
Upminster, 
Essex. 


AN IMPROVISED TAPE GUIDE 


“¥“he drawing in Fig. 1 shows an improvised tape- 
| guide with height adjustment. 

The guide itself is a £in brass binding post and is 
of the type which is threaded right through. These 
are obtainable from most well-stocked stationers. 

The guide is simply fixed and adjusted by a BA 
bolt and three nuts. 

Paul A. Koh, 
Sunbury-on-Thames. 
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LIQUID CRYSTAL CLOCK 

An easy-to-build mains operated digital alarm clock 
with an attractive crystal display. Besides a.rousing 
audio alarm the clock has facilities to switch 
appliances at preset times. The display formats may 
be for 12 or 24 hours. 




B PAGE FEATURE 

CAMERA 



ELECTRONICS 

The introduction of electronics into cameras 
has brought a new degree of simplicity and 
accuracy to their use. 

This special survey takes a selection of 
commercially available automatic and semi¬ 
automatic cameras and describes in detail the 
operation of the electronics involved. 


SenteA... 

FIRST 
STEPS IN 
CIRCUIT RESIGN 


WARNING—If you are a stickler for 
mathematical rigidity in circuit 
analyses don’t read this novel begin¬ 
ners design series. 


A completely fresh approach to 
design providing a predictable re¬ 
sult from simple rule£ of thumb. 
Opening articles deal with small 
signal amplifiers based on popular 
transistor types. 


ELECTRONICS 
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Boolean 

Algebra-1 


By B. J. Wood 

A two part article providing an introduction to switching 
theory and concluding with a practical design of a simple 
adder! subtractor 


G eorge Boole published a treatise “An Investiga-, 
tion of the Laws of Thought” discussing the 
system now called Boolean Algebra over a 
century ago in 1861. The basis of his concept is 
that a statement in words may be represented in the 
first place by a letter of the alphabet. 

Thus we can say that the letter A represents the 
statement “It is Sunday” and the letter B “It is 
sunny.” These are positive statements and Boole 
assigned them a value 1. 

Using his system it is very simple to identify the 
opposite statements “It is NOT Sunday” and “It is 
NOT sunny” by simply_ putting a bar over the 
chosen letter thus A or ET This time Boole assigns 
the value 0 to these negative statements. 

To test the system let us assume that we ask the 
question “Can I mow the lawn?”, having set the 
conditions that one can, but only if it is sunny and 
also a Sunday. 

Thus for a sunny Sunday we have both A and 
B, or shown mathematically, A.B, where both A and 
B are 1. Clearly the answer is 1, or positive. If 
either of the conditions is a negative thenjhe answer 
will be negative. Thus A.B = 0 and A.B = 0 and 
it is not suitable to mow the lawn. 

This type of decision making is called an AND 
function in which the factors have been multiplied 
together. 

The condition could be “It is Sunday” or “It is 
sunny” in which case an addition of the two values 
would be required. If either had a value of 1 the 
result would be 1. This is called an OR function 
and in the case of the OR when both are 1 the 
rather odd result of 1 + 1 = 1 arises but here the 
AND and OR are interchangeable. 
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If the condition “Sunday and dry” is just as suit¬ 
able for mowing the lawn as “Sunday and sunny” 
the decision to mow the lawn or not may be stated 
as A.B -I- A.C where C means “It is dry”. Boolean 
algebra may be manipulated like any other algebra 
so that A.(B + C) means the same as A.B +A.C, 
giving the same arithmetic result. 

If there are many conditions and alternatives the 
algebra can become quite involved. Generally, it is 
enough to work out one or two decisions at a time 
and build up the logic gradually. 

LOGIC DIAGRAMS 

In logic of the electronic kind, diagrams are useful 
to describe the flow of information. In the initial 
stages such diagrams contain only simple elements 
whilst later a whole group of elements may be put 
into one box and given a label in the same way 
that a collection of components may be labelled 
“amplifier”. Fig. 1 shows the two ways of con¬ 
necting AND and OR boxes which will give the 
same decision, to mow or not to mow the lawn. 

The symbols used are fairly simple, being in the 
form of “D” shapes with inputs to the left and out¬ 
put to the right, a figure in the symbol denotes the 
number of inputs which must Assume a logic 1 
state for the output to be logic 1. An & sign in the 
symbol denotes an AND element. 

Thus the operation to decide to mow the lawn 
under the Sunday and sunny or Sunday and dry 
conditions can be determined from these diagrams. 
Notice that the simplification of A.B + A.C 
to A.(B + C) also simplifies the diagram. 

LOGIC ELEMENTS 

Logic integrated circuits are available in many 
forms, simple and complex. They are very con¬ 
venient packages, reducing external wiring to a mini¬ 
mum. Their low cost allows the constructor to 
build equipment which, a few years ago, would have 
been too expensive in terms of time and money. 
For the moment, however, elements built from dis¬ 
crete components will be discussed and related to 
the i.c.s as convenient. It does not matter that 
these devices are not identical as long as they react 
in the same way. 

AND, OR, NOT ELEMENTS 

These are the basic devices. More complex 
devices may be built from them. The AND may 
be made from diodes and a resistor as in Fig. 2a. 
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If either of the switches is closed representing an 
input of a 0 function then the whole of the voltage 
available from the supply is dropped across R1 and 
the output is at earth potential. Obviously, closing 
both switches has the same effect. It is only when 
both switches are open that a voltage is available 
at the output terminal. 

The presence of this voltage is called logic 1. In 
its absence the state is logic 0. Why “logic”? Nor¬ 
mally, the switches irt the diagram are replaced by 
the outputs of other elements. 

In practice absolute voltage levels are not possible 
at reasonable cost and so the design must allow 
for fluctuation. Thus logic 0 may be 0-5V or less 
and logic 1 anything over 2V. 

To following elements these values are taken to 
represent 0 or 1. There is an electrical no-man’s- 
land in between the two values which is avoided by 
the design and proper use of the devices involved. 

AND 

To return to the AND element, there is a table at 
2a in which the states of A and B are given together 
with the resultant output for the four possible states 
of input. Called a truth table, this device shows 
that for a 1 output all inputs must be at logic 1. 
For any other combination the output is at Ipgic 0. 
This applies for two, three or twenty inputs. Note 
that, to an AND input, an open circuit is a logic 1. 

NOT 

The NOT is shown at Fig. 2b It is simply an' 
inverter in which, if a logic 1 voltage is applied at the 
base of the transistor it is switched hard oh, the 
collector bottoms and the output goes to logic 0. If 
the base is at logic 0 the output is up near the rail 
voltage. 


The second diagram at Fig. 2b is much more like 
an i.c. inverter in that the transistor is held on with a 
logic 0 output, unless presented with a logic Q input. 
Like the AND, an open circuit input is treated as 
logic 1. 

SYMBOLS 

There are conventional symbols used to denote 
the various elements we have discussed so far as well 
as others to follow. They are used to avoid the need 
for either discussing or indeed even showing the 
actual components used in a particular element such 
as the diodes or transistors already noted. 

Thus the elements AND and NOT, shown in 
detail at Figs. 2a and 2b may be shown as the two 
separate ‘D’ shapes joined together in Fig. 2c. Here 
the AND element is that with the ampersand (&) 
inscribed. This is intended to show that the element 
has inputs which have to be at logic 1 for the output 
to go to logic 1. 

The second element with the small circle on the 
output line is the NOT element of Fig. 2c. Here the 
small circle denotes the logic 0 output obtained if 
the input goes to a logic 1. 

NAND 

The two elements at Fig. 2c denote NOT AND 
which is normally known as NAND. In fact this has 
a new symbol of its own as shown to the right in 
Fig. 2c, the small circle denoting the NOT output 
and the ampersand the requirement for logic 1 
inputs for this. The truth table shows the outputs 
obtained for various inputs and it can be seen that 
only when all inputs are logic 1 will the output be 
logic 0. Of course, as before the logic 1 input 
includes an open circuit. 
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OR 

In its simplest form the OR element is made from 
diodes as shown at Fig. 2d. As can be seen these 
point in the opposite direction from those in the 
AND element. If a logic 1 appears at any input it be¬ 
comes available at the output. The OR treats an open 
circuit as logic 0. In diode form the resistance of 
the load must be small enough to look like a | 
logic 0 to the following element but large enough 
to demand only a reasonable current from the 
input source. The second diagram of Fig. 2d over¬ 
comes this difficulty by the introduction of two 
NOTs. 

In this case the first element is a basic threshold 
element and the number inside denotes the number 
of inputs which must be at logic 1 for the output 
to be at logic 1. This element is followed by the 
two NOT elements and the whole may be shown as 
below. 


NOR 

A NOR element is an OR followed by one inverter 
element as shown at Fig. 2e. Only when all the inputs 
are at logic 0 is the output at logic 1. Under any 
other condition, as can be seen from the truth table 
the output is at logic 0. 


INVERTED INPUTS AND OUTPUTS 

Suppose that an AND is used with an inverter in 
each input so that 0 becomes 1 and vice versa. Fig. 
2f truth table shows that it becomes a | NOR. If, 
additionally, the output is inverted it then becomes 
OR. The reader should treat all the other truth 
tables in a similar fashion. It will be seen that any 
element may be made to exhibit the characteristics 
of the other three. 

For what follows in this text the important point 
is that a NAND with inverted inputs becomes an 
OR. In general the devices to be used will be 
NANDs with diodes as ANDs when convenient plus 
NOTs. In the beginning it will be, perhaps, easier 
to recognise that an OR is required and then use a 
NAND with inverters in the inputs. 


BINARY NUMBERS AND ARITHMETIC 

In the kind of logic under discussion there are 
only the twp states 1 and 0. Any process to be 
handled by the logic must therefore be described 
in these terms. In everyday arithmetic the radix of 
10 is used with ten possible digits of 0 to 9. But 
if, as with Boolean logic, 2 is used as the radix, 
only the digits 0 and 1 are possible. 

In the scale of 10 the number 286 can be written 
(2 X 10 2 ) + (8 X 10 1 ) + (6 X 10°) = 200 + 80 
+ 6 = 286. 

In the scale of 2 the number 1101 means (1 X 2 s ) 
+ (1 X 22) + (0 X 21) + (1 x 2°) = 8 + 4 
+ 0 + 1. (A number to the power of 1 is itself. 
Any number to the power of 0 is 1). 

As a point of interest, decimal-to-binary conver¬ 
sion can be achieved as follows. 


CONVERSION 

Convert 83 to binary. This may be done mechanic¬ 
ally by dividing the number 83 continuously by 2 
ignoring remainders until the answer of 1 is reached. 


Write (—) against odd answers and (0) against even 
answers. The result looks like this. 

83 - 
41 « 

20 o 
10 o 
5 - 



If now the paper is turned so that the (—) against 
the final answer of 1 is at the left then this is the 
result in binary: — 


- M Vi O O m S 
10 10 0 11 

where 1010011 = 64 + 16 +2 + 1 = 83. 

Conversely, to convert binary notation to its 
decimal counterpart simply multiply the left-most 
digit by two and add the following binary digit. 
Multiply the result by two adding the next binary 
digit and so on until the end is reached as below. 
110 10 1 
3 6 13 26 53 

The final figure, in this cast 53, is the correct 
answer. 


ADDING BINARY NUMBERS 

The rules for adition of two binary digits (bits) 
are0 + 0 = 0;0+l=l;l + l= 0 and carry 
1. Where there is a carry from the previous position 
it requires the following rules, 0 + 0 + 1 = 1; 
0 + 1 + 1 = 0 and carry 1 ; 1 + 1 + 1 = 1 
and carry 1. 

Using the rules to add 6 to 7 — 

Binary Decimal 
111 =7 

110 = 6 
1101 = 13 


SUBTRACTION 

The rules for subtraction of two binary digits 
(bits) are 0 - 0 = 0; 1 - 1 = 0; 0 - 1 = 1 and 
borrow 1, 1 — 0 = 1. Where there is a borrow the 
following applies, 0 — 0 — 0 = 0; 1 — 0 — 0=1; 
0 — 1 — 0 = 1 and borrow 1; 1 — 1 — 0 = 0; 
1 — 1 — 1 = 1 and borrow 1, etc. 

Thus if we subtract 3 from 5: 

Binary Decimal 
101 = 5 

Oil = 

010 = 2 ^ 

Of course, problems arise when larger numbers 
have to be subtracted from smaller numbers. Using 
decimal notation, the human animal in fact reverses 
the process, subtracts the smaller from the larger 
and then calls the result a “negative.” 
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WILMSLOW 
AUDIO 

THE Firm for speakers! 



FREE with speaker orders over £7 

“HI FI Loudspeaker Enclosures’’ book. All units guaranteed 
new and perfect. Prompt despatch. 

Carriage and Insurance 2Sp per speaker (tweeters and 
crossovers 15p). ALL PRICES QUOTED INCLUDE VAT. 


WILMSLOW AUDIO (Dept, pe) 

Loudspeakers: Swan Works, Bank Square, Wilmslow, Cheshire, 
SK9 1HF. Radios, etc.: 10 Swan Street, Wilmslow, Cheshire, SK9 1HF. 
Telephone: Wilmslow 29599. 
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Whilst a machine can be made to do this it is not 
part of the present discussion as it is complex and 
requires very lengthy explanation. 

Take the case of subtracting ? fr om. 3. In d ecimal 
the answer is obvious, it is minus 4 (—4). Equally, 
if you take 5 from 2 the answer is —3. In binary 
terms using the methods so far discussed this is not 
so. Thus in the case of 3 — 7: 

Oil 

111 

( 1 ) 100 

And in the case of 2 — 5: 

010 

101 

( 1 ) 101 

In both cases there is a borrow 1 with nothing to 
subtract it from and in fact even if there were more 
positions to the left the resultant row would be 
filled with figure l’s with an unsatisfied borrow 1 
emerging at the far left. 

The same thing happens in decimal notation if 
one persists in trying to subtract using this type of 
approach. Thus in decimal the results could be 
shown as (1)6 and (1)7, the figure in the bracket 
being the unsatisfied borrow. 

In fact the two answers 6 and 7 are the tens 
complements of the correct answers, subtract the 
6 and the 7 from 10 and you have, in positive form, 
the correct answer. 

Similarly, with the binary computation the results 
must be subtracted from 8 which, in binary is 
1000 There are two snags to this situation. First 
the operator needs to know before the event that 
a negative result will arise and re-arrange the inputs. 


COMPLEMENT 

The word complement was mentioned. This is 
the key to the answer. In the 1 and 0 binary system 
the Is complement of 1 is 0 and vice versa. 

Ignoring the unsatisfied borrow in the two binary 
answers, if 1 is changed to 0 and vice versa 100 
becomes 011 and 101 becomes 010 or 3 and 2 in 
decimal, both wrong by being 1 too few. What is 


really needed is the complement of 7 which can 
be arranged by subtracting 1 before the complement 
is taken. To do this the unsatisfied borrow from the 
left is carried round to the right to form part of 
the subtraction. Using the examples again— 

011 010 

_HI 101 Subtract 

(1) lb0 (1) 101 

^ 1 1 Subtract 

011 100 Answers 

100 011 Complements, both in fact 

negative. 

The complements give the answer in positive form 
but it is known that the answer is negative because 
the mode of operation is subtract and there is the 
borrow 1. 

The following table gives all the possible results 
for the system. The reader is advised to work out 
columns b, c and d to gain an understanding. 


a b c d 

Decimal positive negative neg — 1 complement 
of c 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 


1111 1110 
1110 1101 
1101 1100 
1100 1011 
1011 1010 
1010 1001 
1001 1000 


0001 

0010 

0011 

0100 

0101 

0110 

0111 


Next month: Constructional details of a simple adder/ 
subtractor will be given 



IMPROVING YOUR HI-FI 
By John Earl 

Published by Fountain Press 
203 pages, 8Jin x 5£in. Price £3 00 

he title of this book is slightly misleading as 
the theme is not really improving hi-fi systems 
but getting the best out of them. Written in a non¬ 
technical style, it appears to be directed towards the 
people who are not satisfied with low-fi but are not 
au fait with all the technicalities and jargon of 
high-fi and are perhaps not getting all they could 
from their set-up. 

This is strictly a practical book dealing with things 
like the importance of correct earthing, the need to 


maintain correct dynamic ranges throughout the 
system, and the meaning of specifications. 

For the non-technical enthusiast this book would 
be essential reading before he considers buying 
expensive hi-fi equipment S.R.L. 


FET APPLICATIONS HANDBOOK 
Edited by Jerome Eimbinder 
Published by Foulsham-Tab 
350 pages, 8±in x 5±in. Price £1 85 

his book is a collection of applications data 
from a wide number of manufacturers and pro¬ 
vides an excellent reference work for anyone who is 
involved in the use of field effect transistors (f.e.t.s). 

All types of f.e.t.s are described from the simple 
junction types to the complementary M.O.S. systems 
used in the pocket calculators of recent years. Many 
applications of f.e.t.s are described ranging from 
voltage controlled resistors to amplifiers, switches 
and digital circuits. s.r.l. 
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"... more things in heaven 
and earth ..." 

The first reaction of many readers 
when they read the above title was 
probably to ask “What’s a subject 
like this doing in P.E.?” You may 
well ask. Others may have taken 
the view that our friend Ed is 
off his rocker and yet others may 
take the opposite view, and exclaim 
“At last Ed has come to his (extra) 
senses, and allowed publication of 
this previously ‘tabooed’ subject.” | 

The fact is, this article Was 
written long before Uri Geller’s 
impressive fork—<if not mind)— 
bending demonstration on BBC tele¬ 
vision, but friend Ed was a little 
sceptical I think before that night 
when I talked him into viewing it! 
We must all be grateful for his 
open-minded approach in allowing 
this article to appear. 

’Naturally,' there will be those 
for and those against, but whether 
you are a sheep or a goat (these 
are the two rather inappropriate 
terms that sceptics use to describe 
the believers and non-believers, re¬ 
spectively) there is always a good 
reason to give the whole matter an¬ 
other look. Remember, times 
change, and so do peoples’ ideas,' 
evidence, equipment, and even 
phenomena. 

(& (& <g) 

First, let us get quite clear what 
is meant by extra-sensory percep¬ 
tion (E.S.P.). Take, the words liter¬ 
ally, and you will get the best 
definition possible. They mean per¬ 
ception of events (etc.) by some 
means not obviously connected with 
any of the five normal senses. 

® ® ® 

Let me hasten at this point to 
make a quick distinction or two. 
Unfortunately, the Press, Radio, and 
TV media often treat all subjects 


which cannot be explained by pre¬ 
sently-accepted terms of analysis— 
witchcraft, black magic, ghosts . . . 
what-have-you—as E.S.P. This is 
a great pity, because there are quite 
different forms of unexplained 
, phenomena, and the only true 
umbrella titles which could be 
fairly used to embrace the lot, would 
be “the occult” (unknown), or 
“paraphysics.” 

® ® ® 

However, when writing a subject 
which must be sensational, so-called 
evidence is often dragged in from as 
many different fields as possible to 
try and get the reader all excited 
and on the edge of his chair. In 
fact, the opposite often happens, and 
many are left believing less one way 
or the other than when they first 
started reading! 

So, though other subjects come 
under the above general headings, 
they are not all E.S.P. Such sub¬ 
jects will be described in this series 
as the etceteras. 


Reasonable Approach 

It must always be remembered 
that there is no commonplace thing 
of today that, at some time past, 
was not considered impossible. We 
are all still learning, and humility 
is, to the truly rationally-minded, 
something which can only in¬ 
crease, not decrease, with in¬ 
creased knowledge. Just because 
humans have relied on speech, sight, 
etc., for communication and direct 
physical intervention for getting 
things done, is not to say that there 
is no need of a set of equally valid 
alternatives in his make-up, which 
needs only to be developed, once 
discovered—always given he adopts 
a reasonable approach. 

<8> (& <S> 

E.S.P. is nothing new. One can 
go back to the New Testament, if 
this is considered far enough, and 
find references to “gifts of the 
spirit”. I will not digress further, 
other than to say that evidence of 
the possibility of E.S.P. has cropped 
up probably as long as man has 
inhabited the earth, and in other 
forms, before. 

E.S.P. rarely occurs under con¬ 
trolled laboratory conditions. Read 
a person’s thoughts say, once, and 
then try to continue the pattern 
under strict control, and the chances 
are that you will not succeed again 
even once. This is the very thing 
the sceptic looks for, and when it 
occurs he jumps in with both feet 
and says “Pooh what did I tell 



you?” Ok, ok, I say, I am as aware 
as you that the effect is not re¬ 
peated under these conditions, but 
might this not be a point worthy 
of investigation? “Why?” he would 
say, and then would come my firsl 
analogy, speaking as an electronics 
bod. 

® ® ® 

Take out your comb and comb 
your hair, or if this is greasy, rub 
it on your Harris Tweed jacket. The 
comb is now charged, and you can 
prove this by picking up small bits 
of tissue, paper from the table, 
What voltage? Would you believe 
there’s probably more than 5kV on 
it? There probably is! 

Now ask the sceptic to get his 
voltmeter and place one lead on 
the gas or water pipe (earth) and 
the other on the comb and see what 
he gets. Tell him the meter is at 
least 20 kilohms per volt. Naturally, 
he gets no reading. Why, you were 
on the 250V scale and the needle 
didn’t even flick. Reason is that the 
meter requires current to flow to 
operate its needle, and the amount 
of current required for this is in 
excess of what the comb could 
supply despite over 5kV on it, at the 
point of contact with the meter 
lead. 

® ® ® 

Could E.S.P. be elusive for some 
similar reason? By this I mean, 
by trying to “tap” its power to 
prove an experiment, could we re¬ 
quire too much “current” for the 
source to supply and operate our 
“meter”? Perhaps the tension caused 
by the anticipation of all spectators 
present draws off the very power we 
are trying to use! 

Next month: The Scientists In¬ 
vestigate. 
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CATALOGUE 7 


An A to Z guide to 
component buying 

On the index page of Catalogue 7, between “ Aluminium 
Boxes ” and “ Zener Diodes ” are over 200 references to 
contents amounting in all to thousands of items, classified, 
described, often illustrated, and priced. There is a wealth of 
technical diagrams and data. At 25p, Catalogue 7 is excellent 
value by any standard. With the 25p Refund Voucher it < 
virtually 


you v 


illy nothing when you order £5-worth or more. 

INCLUDING 25p REFUND VOUCHER AVAILABLE 
ON ORDERS £5 OR MORE LIST VALUE 


from EV Catalogue 



p 7 P To- : 47 0< ?p 8 ; 
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THE B.D.2 TURNTABLE ASSEMBLY 

The famous B.D.2 belt drive turntable with press button 
speed change has now been developed to feature a newly 
designed matt and brushed aluminium trim, and the Perspex 
cover has an easy “hinged-on, hinged-off” movement. 
The B.D.2 is available as a chassis unit or spring mounted on 
a wood plinth, as above. 


S.A.U.2 PICK-UP ARM 


it advanced pick-up arms 

Compensator 
Hydraulic Lowering Device 

* Precision Balance 

* Adjustable Head Shell 


Contact your dealer 


STEREO 


CARTRIDGE 


A quality cartridge 
designed specifi¬ 
cally for the person 
who appreciates 
his equipment. 


for information or send stamp for a brochure. 


A. R. SUGDEN & CO. (ENGINEERS) LTD 


Atlas Mill Road. Brighouse HD6 1ER Telephone: Brighouse (04847) 2142. Telegrams and cables: Connoiseur. Brighouse 




easy-to-use) 

DISPENSERS 

■•ff Size 5 

kJI Savbit alloy 

18 swg. 24p 
HR (illustrated). 

Size 19A 

nPQ 60/40 alloy 

18 swg. 25p 

atm size is 

fug- 60/40 alloy 

*t, . 22 swg. 28p 

V J 

flDEAL FOR HOME] 
CONSTRUCTORS 

Size 1 cartons in 40/60, 
^ 60/40 and Sav- 

'^8 bit alloys in 

Bp 7 9auggi. 36 P 

Size 12 REEL 

for Service 

Engineers and 

Electricians. 3£Sj||l 

£avbit alloy, EI-I^BS^ J 

BIB WIRE STRIPPER AND CUTTER^ 

Deluxe Model 9 Automatic opening spring, 
^^J'^locking catch, plastic-covered handles. Case 
hardened and precision ground. Adjusts 
( | most wire sizes. Cuts and strips 

J — --— s flex, splits plastic twin flex. 75p v 



FERRANTI © 
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BEATING THE CLOCK 

Coming into service in a few 
weeks is Cantat 2, the 2,805-mile 
long transatlantic cable costing £30 
million and capable of handling 
1,840 telephone conversations 
simultaneously. 

Laying of the cable had its share 
of drama. The mini-submarine 
Pisces 3 sank while burying part 
of the cable on the UK continental 
shelf. The two-man crew were 
rescued, happily, after three days 
of being, trapped on the sea-bed. 
The craft was also recovered and 
will be in service again soon. 

The cable-laying ship Mercury 
was also damaged in a storm of 
force 11, forcing her to operate 
for a time on emergency power. 
But despite all the upsets, the 
cable-laying was completed six 
days ahead of schedule which 
makes quite a change in a world 
of go-slow or stop. 

The other heartening news out 
of the Cantat 2 saga is that be¬ 
cause of the vastly increased num¬ 
ber of channels available, the new 
cable is 20 times cheaper per cir¬ 
cuit than the transatlantic cable 
laid between the UK and USA in 
1956. But don’t expect the cost of 
a call to go down. 


HI-FI HIT 

Hi-Fi, like the motor car, has be¬ 
come the index of a nation’s pros¬ 
perity. But what was astonishing in 
the good old days of 1973 was the 
number of equipments advertised 
to the general public—not the 
addict—at prices of £200 up, and 
reportedly selling well. Top weight 
equipment for the real enthusiast 
was typically Trio’s Package 10 


quadraphonic package listed by 
Lasky’s at £460 cash or £577-48 on 
HP. At the bottom of the pack 
were plenty of modest units around 
£30. 

A survey of the audio market 
“Finresearch Audio Industry Ser¬ 
vice” published by Ovum Ltd. at 
£30 lists 380 companies active in 
the audio business which has 
trebled . in size in three years. 
Such was the boom, according to 
editor Tony Beaumont, that three 
new companies have been enter¬ 
ing the field every week for the 
past two years. 

First “audio separates” I recall 
was back in 1937 when I was en¬ 
chanted with the reproduction of 
78 r.p.m. discs on the famous 
corner horn loudspeaker developed 
by P. A. H. G. Voigt. But I see 
Ferguson claiming they “invented” 
what they call Unit Audio just 30 
years later in 1967. Claims and 
counter-claims in the colour ads 
are numerous and often funny. 

This clearly will not be a good 
year for the audio business. HP 
restrictions and a general tighten¬ 
ing of belts will see to that. But 
the audio scene will not collapse. 
It’ll still be comparatively big-biz as 
well as show-biz. 


MAINTENANCE 

PROBLEM 

Try to imagine 15,000 fixed 
transmitter/receivers of powers 
from- five to 300W and 25,000 
mobile vehicle-mounted transmit¬ 
ter/receivers. Tack on 30,000 per¬ 
sonal portable transmitter/receivers 
and 200,000 nickel/cadmium bat¬ 
teries to power them. And just add 
to that little lot 15,000 pocket 
alarm receivers and all their 
batteries. 

In round figures, this is the size 
of the maintenance problem of the 
Home Office Directorate of Tele¬ 
communications which looks after 
the procurement and servicing of 
Britain's police and firefighting 
networks as well as a few others. 

The problem was discussed in 
some detail by A. N. Holdstock in 
a paper given at “Automatic Test¬ 
ing 73”, the first full-scale exhibi¬ 
tion and conference to be held on 
the subject. The magnitude of the 
Home Office’s task was such that 
automatic testing was seen as a 
solution as early as 1967. Hold- 
stock reports several equipments 
now in full service but reports that 
no radio equipment manufacturers 
are yet designing sets with in-field 
maintenance by ATE as a prime 
consideration. Consequently, there 
are always snags in having to build 
special jigs and adaptors before 
ATE can be successfully used in 
the field. 

The next big job is provision of 
ATE for 1,000 alpha-numeric video¬ 
display terminals now being fitted 


in police stations throughout the 
country. Each of them has six 
large PCBs and 530 TTL integrated 
circuits. 

A new and profitable outlet for 
ATE on production lines is in the 
automotive industry. No less than 
six papers were read on the sub¬ 
ject including one on the experi¬ 
ence of Ford in checking out car 
electrical systems. Ford will, in 
fact, move 100 per cent to ATE 
for this purpose in the UK during 
this year. 

So successful was "Automatic 
Testing 73” that organiser John 
Shearsmith has already announced 
November 5, 1974, as opening day 
for the next show. The first exhibi¬ 
tion attracted 50 companies and 
4,000 visitors. Seven hundred dele¬ 
gates attended the technical con¬ 
ference. 


INNOVATION 

I have to confess that I was one, 
of the sceptics when Advance 
Electronics went into the calculator 
business in mid-1972. Like many 
others I had underrated their 
ingenuity. 

Advance didn’t take the easy 
path by buying off-the-shelf LSI 
devices. They designed their own 
in conjunction with General Instru¬ 
ment Microelectronics and did it 
in such a way that they could be 
used in many other applications. 
So watch out for some competitive 
lines from Advance in business 
machines. 

MINICOMPUTER 

LEAGUE 

A league table of minicomputer 
manufacturers prepared by Modern 
Data in the USA shows Digital 
Equipment Corporation still way 
ahead with 16,473 units shipped in 
1973. Runner up is Data General 
with 4,230 and Hewlett Packard in 
third spot has a score of 2,855, 
marginally ahead of Varian with 
2,337. Honeywell ranks only No. 
8 with 1,564 while Texas Instru¬ 
ments, mighty in other fields, is 
bottom and unlucky thirteenth with 
452. 

Computer Automation, who came 
to the market with the concept of 
the Naked Mini, ranks fifth with 
1,915 units shipped in the year. 
Stripped of all frills, the Naked 
Mini was offered at a rock-bottom 
price. Since then CA has offered 
the "Computer-on-a-card” with the 
whole package on a single printed 
circuit board, an even lower priced 
unit for people who want to build 
a computer into their own equip¬ 
ment. 

Digital Equipment still has the 
stranglehold in minis that IBM has 
in the larger machine market. But 
watch out for increased competi¬ 
tion and a re-shuffling of positions 
lower down the table. 
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AUTOMATIC COMMENTARIES 


The Secretary of State for 
Defence has a new British patent 
(BP 1 325 161) which concerns 
automatic machines for playing 
commentaries to accompany 
exhibits in museums or exhibitions. 

The object of the invention is to 
provide a replay device which 
works on the closed loop principle 
and will always be at the correct 
start point when brought into action 
by a new listener. This is relatively 
easy to achieve if the loop is only 
to play once, but much more diffi¬ 
cult to achieve if the listener is.to 
be afforded the opportunity of 


listening to the loop more than 
once. 

The tape replay device works 
with an endless loop of magnetic 
tape and its audio output passes 
through the pre-amplifier to two 
amplifiers, see Fig. 1. The output 
from amplifier 2 is fed to a simple 
rectifier circuit, D1 and Cl, and 
passed via R1 to a Schmitt trigger 
circuit, TR1, TR2. The Schmitt 
trigger is connected to the power 
supply and controls operation of 
the tape replay motor. 

The switch SI is mounted as part 
of a telephone handset and closes 


when the earpiece is lifted off its 
rest. The switch is open while the 
earpiece is on its rest. Amplifier 1 
is coupled to the headset earpiece 
through transformer T1. 

When a would-be listener picks 
up the earpiece SI closes and the 
Schmitt trigger changes state to 
start the tape transport motor. The 
audio frequencies from the tape are 
reproduced through the earpiece 
and used, after rectification, to 
hold the Schmitt in its active state. 
This holding action will continue 
even when the earpiece is returned 
to its rest. 

However, when the audio signals 
cease, the voltage across Cl dies 


tape motor stops. Thus the loop 
stops at its start position. The 
decay time constant of the voltage 
across Cl must, of course, be long 
enough to tide over natural pauses 
in the commentary. 

If the listener wishes to hear the 
commentary through again, then 
he keeps the earpiece off its rest; 
the switch SI holds the trigger 
circuit active and the loop is 
replayed. 

The patent specification also 
details a twin channel system 
which can be used to control visual 
displays. 


SCORING FOR BOXING AND OTHER 
SPORTS BP 1 320 844 

Although BP 1 325 644 from E. J. 
Sweeny of Ohio, USA, is intended 
primarily for the scoring of boxing 
matches by judges, its technology 
will find wider uses. 

The specific intention is to 
enable three judges to score 
independently with the sum of 
their points displayed on a common 
board. 

A master console and three 
identical scoring booths are 
spaced round a boxing ring with a 
visual score board mounted above. 
A single point will be recorded on 
the score board only after the 
master console has received a 
multiple number of point pulses 
from the individual scoring booths, 
e.g. three point pulses must be 
accumulated from one or more 
booths before a single point is 
recorded on the board. 

The controls within the booths 
are duplicated for the two fighters. 


VEHICLE GUIDANCE BP 1 320 314 

Interest appears to be growing 
in the technology of automatic 
vehicle guidance. In BP 1 320 314 
Autotrack Systems Ltd., and P.C.D. 
Ltd., jointly describe the automatic 
remote control of a tractor plough¬ 
ing a field. The principle of the 
invention, however, is much more 
widely applicable, e.g, garden lawn 
mowing to model car control. 

Guide wires are buried half a 
metre deep and six metres apart 
along the routes which the vehicle 
should take. These guides carry a 
continuous tone current of 2kHz 
and the a.c. field that this produces 
is detected by a detector head on 
the vehicle. 

The detector head has a vertical 
pick-up coil and a horizontal pick¬ 
up coil. With the head exactly 
above the guide wire there is no 
phase difference between the out¬ 
puts of the two coils, but if the 
head is moved to one side a phase 
difference appears in the appro¬ 
priate sense and of magnitude 
proportional to the distance moved. 

The two coils in the patented 
circuit control solenoids for left 
and right turn and operate pneu¬ 
matic, hydraulic or electrical steer¬ 
ing gear on board the tractor. 
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PAK QUALITY COMES TO AUDIO! 


AL10/AL20/AL30 
UDIO AMPLIFIER MODULES 






50W pk 25w (RMS) 

01% DISTORTION! 

HI-FI AUDIO AMPLIFIER 

THE AL50 


★ Load—3, 4, 8 or 16 ol 
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A FAST EASY 
WAY TO LEARN BASIC 
RADIO & ELECTRONICS 


* 


Build as you learn with the exciting 
new TECHNATRON Outfit! No mathe¬ 
matics. No soldering—you learn the 
practical way. 


Learn basic Radio and Electronics at home—the fast, modern way. 
Give yourself essential technical “know-how”—like reading circuits, 
assembling standard components, experimenting, building—quickly and 
without effort, and enjoy every moment. B.I.E.T.’s simplified study 
method and the remarkable TECHNATRON Self-Build Outfit take the 
mystery out of the subject, making learning easy and interesting. 


Even if you don't know the first thing about Radio now. 
you'll build your own Radio set within a month or so! 


... and what’s more, you will 
understand exactly what you are 
doing. The TECHNATRON 
Outfit contains everything you 
need, from tools to transistors— 
even a versatile'Multimeter which 
we teach you to use. All you need 
give is a little of your spare time 
and the surprisingly low fee, 
payable monthly if you wish. 
And the equipment remains yours, 
so you can use it again and again. 


A 14-year-old could understand 
and benefit from this course—but 
it teaches the real thing. The 
easy to understand, practical 
projects—from a burglar-alarm to 
a sophisticated Radio set—help 
you master basic Radio and Elec¬ 
tronics—even if you are a “non¬ 
technical” type. And, if you 
want to make it a career, B.I.E.T. 
has a fine range of courses up to 
City and Guilds standards. 


You LEARN—but it’s as 
fascinating as a hobby. 

Among many other interesting 
experiments, the Radio set you 
build—and it’s a good one—is 
really a bonus. This is first and 




Specialist Booklet 


copy of “NEW OPPORTUNI¬ 
TIES”. This brand new booklet 
—just out—tells you all about 
TECHNATRON and B.I.E.T.’s 




FREE 



BRITISH INSTITUTE 
OF ENGINEERING 
TECHNOLOGY 

Dept. BPE47, ALDERMASTON COURT, READING RG7 4PF 


POST THIS COUPON FOR FREE BOOK 


I SUBJECT OF INTEREST.... 
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..I VARIABLE 

VOLTAGE TRANSFORMERS 

ls^fnput230V 50/60HZ. 


AT201 Decade i 
ATTENUATOR 

Ssasmss £ 1 



OUR PRICE £39.00 


TO3 Portable OSCILLOSCOPE 

rSSajgr 1 
sssSr 



OUR PRICE £87.00 car,. 


MCA220 Automatic Voltage 
Stabiliser 

Jojut 88-125V 
200V Abating. 

OUR PRICE £11.97 p&pso 


SUPPLY Ul 


OUR PRICE £11.97 


PS200 Regulated POWI 
SUPPLY UNIT 

gsgsrijj 

OUR PRICE £19.95 


[ SEWJ CLEAR PLASTIC PANEL METERS 


CLEAR PLASTIC MODEL SE 


CLEAR PL 

Size: 100 x 8 

lOCMMOOiA 

ASTIC MODE 

~ j|:S| 

SW100 

EDGWISE 

VUM^ter” 

MODEL PE70 

irtsa- 

MODEL E ; 

ideal Tor^scl 

107 EDUCA1 

- 1:1 1 
.. £6.55 1/1 

IQNAL METER 

K&dc p:5o 

CLEM PL 

ASTIC MODE 

1 

L85P 

P. 


•Items with asterisk are Moviog Iron 
type, all others are Moving Coil 

CLEAR PL 

SSSomA^ 

ASTIC MODEL SD830 

SUJ 

£3.40 20V DC .. .. £3.40 

£3.40 50V DC .. .. £3.40 

" His ■ •• Hi 

CLEARPL 

500-0-50Ou/J 

50mA.. .. 

ASTIC MODEL 45P 

£265 5AAC c " ." • mi 

CLEAR PL 

|«mA :: 

ASTIC MODE 

L38P 

SvBjc " || 

CLEAR PJ. 

ASTIC MODEL SD460 

;§I 

.. £2.85 10V DC .. .. £2.85 

£Z85 300V DC £2l85 

£2.85 ISVAC^ .. .. £3.00 


POSTAGE & PACKING 15p 


CLEAR PLASTIC MODEL BS 

XLv 78mm 


BAKELITE MODEL SBO Eo 


CLEAR PLASTIC MODEL 52P 


ill 


240" WideAogle 1mA METERS 

MW 1-6 60x60mm ag V-J a 

£3.97 p&p I5p 
£4.97 p&Pi5p 


AUTO TRANSFORMERS 

0/115/250V. sup up or stap Uown. Fully shrouded. 

so watt £2.75 psp lap 1000 watt £9.50 p 

150 WATT £3.50 p&piap isoo watt £12.50 p 

300 WATT £4.50 P&P 23p 2250 WATT £20.95 P 

500 WATT £6.95 P&P 33p 5000 WATT £44.95 P 


ALL PRICES 
EXCLUDE VAT 
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G. F. MILWARD 369 Alum Rock Road, Birmingham B8 3DR.|Tel. 021-327 2339 

SPECIAL 

A 

s 1 

Ll goods p 

ECTROLYTICS 

LUS 10% V.A.T. 

071 MULLARD ELECTROLYTIC CAPACITORS 

lit Sin 

I Si 3 US i-i 

ii r~y r i 

No,o W „„ oZ'Lj 

216 21P 1«b 47p 

4'b 25p 181b 57p 

«b 29p 221b 67p 

P0STAaE1511 1 PACI< N ° 1 

£1 

"POSTAGES | PACK NO. 3 

£1 sF 

E1 1MP” 

POSTAGE 25p | PACK NO. 7 

£1 1 SSL 

POSTAGE 15p AC ' T0RS | PACK No 2 

:r^-K-N 0 . 4 

W 

-POSTAGES | «««•**■ 6 

POSTAGE ISp |l PACK No. 8 






































PRACTICAL 

WIRELESS 


SPECIAL SPRING 
FEATURES! 

APRIL ISSUE 

Sound to Light Display Control Box 
Highlight your parties and discos. Simplified system 
—easy to make, hours of fun. 

Windscreen Wiper Delay 

Worn-out wiper blades? Build this easy-to-use 

wiper control unit. 

P.W. CRATA—(Cassette Recorder and Tuner 
Amplifier). Part 2 of this excellent new design: For 
more details, see March issue of P.W. 

Impedance Matching 

Buying hi-fi or building your own ? This article irons 
out the bugs. 


SPECIAL TOOL-KIT OFFER—FANTASTIC 
VALUE ... EXCELLENT QUALITY. 

Superb kit of tools specially available to P.W. readers 
for constructional projects. 

ominginma^ssue 

IC ,lloscopeTrace Dc>ubi®^op es £ 0 n- 

etting the best out double beam. 

beam converted to show four 

laveformssimultaneousW ■ ^ 

3istortion in Audio derstood sub- 

s.^f:r s :xr 

Car Cassexxe 

Audio Booster t ca r noise 

Jios.tool - 


APRIL ISSUE OUT 

MARCH 1 ORDER NOW 20p 

The magazine with seven constructional 
articles every month! 
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F.M.0. VARICAP TUNER 

LP1185/86 
MC1310P 

MFC4060 (late deliveries) 

P.C. BOARDS 

READY BUILT BOARDS _ 

COMPLETE TUNERS IN CABINETS £33.00 


Prices include V.A.T. P. * P. 25p. 

B. & B.ELECTRONICS 

64 MANNERS ROAD, BALDERTON, NEWARK, NOTTS. 
Telephone: NEWARK 6895 




p. & p. 

S.A.E. 

FOR 

15p 

FREE LIST 






































































TWO NEW 
SOLDER 
SIPPERS 
MAKE DE- 
SOLDERINGj 
QUICK l 
EASY 



Maxi-Super HT1810 and 
Maxi-Mini HT 1800 
Solder Sippers 

Designed for use when working 
or re-working P.C. Boards. Per¬ 
mits removal of molten solder 
from • Multi-leg components, en¬ 
abling easy extraction. The sol¬ 
der is 'sipped' through the noz¬ 
zle, and automatically ejected 
when the instrument is next used. 
A Swiss precision instrument 
manufactured to a high degree 
of accuracy. 

The anti-corrosive outside casing 
has a knurled finish for more 
positive grip, and encases plated 
internal parts. 

The Maxi-Super has been design¬ 
ed with a 3.5 kg. spring action 
recoilless plunger, whilst the 
Maxi-Mini with its conveniently 
shaped operating button, has a 
2.5 kg. spring action plunger, 
protected by a channel guard. 
Both models have been designed 
with an easy-to-replace 'dupont' 
teflon screw-in nozzle. 


PLEASE SUPPLY PLEASE SUPPI 

MaxhSuper HT j | Maxi-Mini 


181 Oat £6.60 L 


rn 1 

1800 at £4.951_|| 


■ Prices include VAT 


Reg. England 68496J 



YOU CAN EARN £70p.w. 

HOW? atin8 ^ ednc ^ dSecure ^ uture - 

Get into the fabulous Computer Industry now. On the ground 
floor. While industry, commerce, science and governments 
are ilesperately seeking trained personnel. Give t 
only four to six weeks and we can train you in any one 
of the three vital careers in computers: (1) Pro¬ 
gramming (men and girls). (2) Operating (men and 
girls). (3) Key Punching (girls exclusively). 

We are the only training organisation able 
to make this offer. And our teaching 
methods succeed because they combine 
specially prepared courses with equip- 
—nt such as the unique Eduputer, exclu- 

Thanks to our methods, people from 
all walks of life have exchanged bor¬ 
ing, under-paid, insecure jobs for 
careers that have meaning, prestige 
and security. 

Past performance counts for 
nothing. Provided you have the 
aptitude (which we can discover 
quite simply), there is no reason 
why you should not get out of 
the rut and into Tomorrow’s 
World—the fascinating world of 
Computers. 

The moment you qualify—and we 
will help you do just that—one of 
our own exclusive appointments 
agencies will introduce you to oppor¬ 
tunities galore. Worldwide. At n 
cost to you. All part of our continuing 

What have you to lose by enquiring? 

Information and advice are yours for the 
asking. Post the coupon TODAY for full 
details FREE and without obligation. 



London Computer Training Services 

S61, Oxford House, 9-15 Oxford Street, W.l. 
Telephone 01-437 9906 


Please send me your free 
illustrated brochure on training 
for Computer Programming I I 
(men and girls) 1 — 1 
Computer Operating I I 
(men and girls) 1 —' 
Key Punching (girls I I 
exclusively) I— 1 
(Tick appropriate box) 
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Sinclair Project 80 

excitinc 



only J" deep x 2" high 


Living with hi-fi takes on new meaning with Sinclair Project 80. The electronics of these revolutionary new modules are all contained withi 
elegantly designed matching cases no more than three-quarters of an inch deep. They are designed for mounting on any appropriate fla 
surface by means of 6BA bolts extending from the rear of each module and which pass through suitably drilled holes. Connections are take 
away out of sight in a similar manner. The possibilities opened up by Project 80 are endless - superb hi-fi systems can be installed in way 
hitherto only dreamed about and never before made practical. No more cutting out and shaping to put modules in position. A few hole 
drilled with the aid of templates supplied and the job is done. Now you need never again be faced with prQblems of keeping the hi-fi fror 
clashing with carefully thought-out furnishing schemes. (That will surely please wives!) Slider controls have been introduced in place 
knobs and all modules in the range incorporate new up-deted circuitry with emphasis on performance standards and built-in protectior 
against overload and shorting. The aim was to re-think modular construction completely - to make it infinitely more versatile, even simplei 
and more reliable-the result - Project 80-another triumph for Sinclair, and the most exciting construction modules ever. 


the slimmest,most elegant hi-fi modules ever made 


Typical Project 80 applications 

System The Units to use 

Units cost 

Simple battery record player ZAO 

£545 

+ 54p V.A.T. 

Mams powered record ZAO, PZ.5 

player 

£10 43 

+£1.04 V.A.T. 

30W. RMS continuous 2 X Z.40s, Stereo 

sine wave stereo amp. 80;PZ.6 

£30 83 

+£3.08 V.A.T. 

50W (8 O) RMS continuous 2 X Z.60s. Stereo 
sine wave de luxe stereo amp. 80; PZ.8 

£33 83 

+£3.38 V.A.T. 

Indoor P.A. Z.60, PZ.8 

£14 93 

+ £1.49 V.A.T. 



speakers... almost anywhere. 
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new thinking in modular hi-fi 
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Farringdon Street, London EC4H 4AD 




SITUATIONS VACANT 


TECHNICIANS AND ENGINEERS 
FOR ST. ALBANS AND LUTON 

QUALIFIED OR NOT! 

OPPORTUNITIES for challenging work on testing and 
calibrating valve and solid-state electronic measuring equip¬ 
ments embracing all frequencies up to u.h.f. in Production, 
Service and Calibration departments. 

APPLICATIONS are invited from people of all ages with 
experience or formal training in electronics and from Ex- 
Services technicians. 

HIGHLY COMPETITIVE SALARIES, negotiable and 
backed by valuable fringe benefits. Overtime normally 
available. 

GENEROUS RE-LOCATION EXPENSES available in 
most instances. 

CONDITIONS excellent; free life assurance, pension 
schemes, canteen, social club. 

37£ hour, 5-day, working week. 

WRITE or phone for application forms quoting reference 
PE743. 



MARCONI INSTRUMENTS LTD, 
Longacres, St. Albans, Herts 
Tel: St. Albans 59292 
Luton Airport, Luton, Beds 
Tel: Luton 33866 




FOR SALE 


FIBRE OPTICS 

“Slits 


tfw (Vat inc!), it p , :& F p! 

: i|^p MPANY 




TV USE OUT-PUT TRANSFORMERS 
Tldman Mail Ordar Ltd., 1M Sandycomt 


ical Components and manufacturers' surplus. 


LABORATORY EQUIPMENT. Cosser oscillo¬ 
scope £20. 4 channel recorder. 4 channel 

amplifier, Pye current amplifler/voltage supply, 
all £30 each. Bacal voltage supply £8 or £100 
lot. Telephone: Worcester 421110 (Evenings). 


FOUR CORE Self adhesive ribbon cable, 
14mm 1mm. Very unobtrusive and easy 
to install. Ideal for stereo speaker wiring, 
intercoms, etc. 6p per yard. S.A.E. for sample. 
ECO COMMUNICATIONS, 107 West Street, 
Ewell, Surrey. 


SERVICE SHEETS 


SERVICE SHEETS for Televisions, Eadios, 
Transistors, Tape Becorders, Eecord Players, 
etc., from Sp with free Fault-Finding Guide. 
S.A.E. orders/enquiries. Catalogue 15p. 
HAMILTON EABIO, 47 Bohemia Bead, St. 
Leonards, Sussex. Telephone Hastings 29066. 


TELEAV, 11 Maudland Bank, Preston. 


Please mention 

PRACTICAL 

ELECTRONICS 


EDUCATIONAL 


Technicians and Radio Amateurs. Frt- 
details from: International Corre¬ 
spondence Schools, Dept. 730D, Inter¬ 
text House, London, SW8 4UJ. 

COLOUR TV SERVICING 

Make the most of the current boom. 
Learn the techniques of servicing 
Colour and Mono TV sets through new 
home study courses, approved by 
leading manufacturers. Also radio and 
audio courses. Free details from: 
International Correspondence Schools, 
Dept. 730D2, Intertext House, London, 
SW8 4UJ. 


Get 1 

tronics and Elec 

Maintenance, Radi' , ._ 

puter Engineering and Prograi 
Also self build radio kits. Free i 
International Correspondence S 
~ "—I, Intertext House, L 


K ? 03 ’ 1 


































































































MISCELLANEOUS 



DON'T LOOK 


to get these super 'attention-getters': 

f POCKET-SIZED MAXI-VOLT Big 
inch Spark Generator (instant IS,000 
volts!) Ready-made, needs no batteries. 


transmittini. Send £5Wfor yours now! 
£ PSYCHEDELIC MINI-STROBE KIT. 

Disco’s a P n°d Ck part'i« d '“BRaK-FREEZE* 
'EM with vari-speed stop-motion flashes. 
Includes super case, too. Send £2-20 now! 
(All prices include VAT, pacl«ng& postage) 


BOFFIN PROJECTS 




_ I.C. pin sockets 

in leuguis ui tuu iur 60p (P. & P. 5p). Quantity 
rates. S.A.E. details and sample. GASKELL, 
“Oak Lodge," Tansley, Derbyshire. 
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BUILD A CHORDING PROFESSIONAL SYNTHESISER 



The Synthesiser shown above is the Dewtron "Apollo” 
A.1. which we sell ready-built to professionals. Believe it or 
not, it uses the SAME precision modules as we sell to you, 
the Constructor, to build any kind you like. The revolutionary 
Modumatrix system ofrouting makes old-fashioned patching 
a thing of the past. VCO-2 voltage-controlled oscillator 
module has accurate built-in log-law forchording and other 
professional effects. 3 and 4 octave keyboards and contacts. 
VCO-2 STABLE, PRECISION V/C OSCILLATOR gives 
SINE, TRIANGULAR AND SQUAREWAVE outputs, 1 volt/ 
octave voltage control. £24 each of £27 each 2 or more 
matched. SHE-1 SAMPLE, HOLD AND ENVELOPE 
MODULE gives variable attack, sustain, touch sensitive 
playing when used with VCO-2 signals. £17. OFT-1 chording 
module £9. Modules (except VCO-1) guaranteed two 


Dewtron 


(Regd. Trademark) 


PROFESSIONAL MODULES 
CASH SAVINGS 

by buying modules and parts in bulk! 

All modules are available separately: 

Ring Modulator RM2, £8. Voltage-controlled 
Oscillator VC01, £10-50, giving sawtooth and square- 
wave outputs. Envelope shapers, ESI, self- 
triggered or ES2 keyboard-triggered, either type 
£13. White noise type WN1, £7. Voltage-con¬ 
trolled amplifier VCA1, £10. Voltage-controlled 
selective amplifier (filter for waa-waa, etc.) SA1, £13. 
Voltage-controlled Phase PHI, £17. Automatic 
Announcement Fader module for fading of music 
by microphone announcement, AF1, £10. etc., etc. 
ALL MODULES ARE BUILT, TESTED AND 
SEALED FOR LONG LIFE. Simply connect 
coloured wire connections as per easy instructions, 
build cabinet and wire in controls and patchboard 
connections! Joystick controls £5-50. REVERB 
Module and spring unit £15. V.A.T. 10% extra. 
V.A.T. paid orders over £75. 


With over 7 years' unblemished reputation in these pages, Dewtron continues to lead in new technical developments in electronic sound 
effects! Ash any of our customers. See our products in the music stores, too. Suppliers of special equipment to leading groups. 
Our modules are used in professional equipment by other manufacturers and in our own built synthesisers, e.g. "Gipsy" G.l. 
Send 15p for full catalogue of our famous musical effects. 


D.E.W. LTD. 



254 Ringwood Road, FERNDOWN, Dorset BH22 9AR 




A. B. PARKER, Folding Michlm Work, Uppor Goorgt St., Hockmondwlko, Vorki. Heckmondolko 40.39)7 
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fiNfllTE 

Electronic Ignition Kit 
only £9-35 

Fascinating to build. Fantastic improvement to your car's 
performance. Complete Capacitive Discharge ignition system, 
fully proven, components fully guaranteed. Printed circuit 
design. AH metalwork drilled ready. Fitted to car in 15 
minutes when built. 


• Sustained peak performance. • Up to 20% fuel saving. 

• Instant all-weather starting. Faster acceleration, higher 
top speed. • Suitable for all engines up to 8 cyls. • Longer 
spark plug life. • Longer battery life. • Contact breaker 
burn eliminated. • Purer exhaust gas emission. 

A new development from the manufacturers of Gunton ignition. Price: £9.35 inc. 
V.A.T. and postage. (12 volt only. State Pos. or Neg. earth). Ready built unit also 
available £11.55 inc. V.A.T. and postage. GUARANTEED 5 YEARS. 


^ORDER NOW To: ELECTRONICS DESIGN ASSOCIATE^^ 

1 82 Bath Street. Walsall WS1 3DE. Phone: 33652 

Please send me one SPARKRITE Kit complete. I enclose I 
P.O./Cheque for £9-35. Or for ready built unit £11 -55. 


| NAME .. | 

| ADDRESS | 

^ {Live near Walsall? Call in for an actual workshop ^ 

It really is convincing). PE3^| 
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PRE-PAK LTD 





















Practical Radio & Electronics 
Certificate course includes a 
learn while you build 
3 transistor radio kit. 
Everything you need to know 
about Radio & 
Electronics 
maintenance and 
repairs for a spare 
,1 time income and 
a career fora 
better future. 

—I 





‘Iff, 












































































